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Appendix B of the 1974 Report of the International Joint Commission's
Great Lakes Water Quality Board lists three primary problems that the sur-
veillance programs of each lake must address:
1.
The acceleration of eutrophication or maintenance of a
particular trophic state;
The presence and impact of toxic substances in the system;
The impairment of water quality by total dissolved and
suspended solids introduced into the lake by man's activities.
In response to these problems, the Water Quality Board has established
three surveillance goals:
1.
To measure directly the loading from sources affected by
remedial programs;
To monitor in the receiving water the frequency and intensity
of violations of water quality objectives in both localized
areas and in the open lake where changes in problem conditions
are to be established;
To provide sufficient data to permit valid interpretation of
water quality conditions in order to distinguish the impact of
remedial programs from natural changes, both near to and remote
from sources. This goal entails documentation of the loadings
ngt_under control of present remedial programs as well as moni-
toring ambient water quality or impacted biota in the system in
order to distinguish the impact of controlled loadings from the
impact from other causes.
The Water Quality Board has charged the Surveillance Subcommittee
with developing surveillance and monitoring plans to meet these goals.
The workshop reported in this document was designed to assist the Sur—
veillance Subcommittee in carrying out that charge.
vii
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General
I. Monitoring and surveillance of the Great Lakes and connecting
waterways are necessary to evaluate the degree to which the objectives,
including non-degradation criteria, of the Canada — United States Great
Lakes Water Quality Agreement are being achieved. As part of the above,
monitoring and surveillance are needed to assess the effectiveness of
pollution abatement measures. A surveillance program is required to
ascertain the nature and degree of changes in Great Lakes water quality,
part
icul
arly
as a
cons
eque
nce
of p
ollu
tion
from
exis
ting
or n
ew d
irec
t
and
indi
rect
huma
n ac
tivi
ties
.
The
prog
ram
can
also
iden
tify
prev
ious
ly
undetected contaminants before they have an adverse affect on the Great
Lakes environment. Surveillance provides valuable inputs for estab-
lishing and revising limits and criteria for both loading and aquatic
contaminants.
II.
It
is
not
pos
sib
le
to
rou
tin
ely
sur
vey
in
det
ail
all
sec
tio
ns
of
the Great Lakes and connecting channels concurrently. Therefore,
to
mak
e t
he
bes
t u
se
of
ava
ila
ble
res
our
ces
, t
wo
lev
els
of
mon
ito
rin
g
are
nec
ess
ary
.
A l
ess
int
ens
ive
mon
ito
rin
g p
rog
ram
sho
uld
be
dev
elo
ped
for
thos
e pa
rame
ters
and
prob
lems
requ
irin
g mo
re o
r le
ss c
onti
nual
examination, while a more intensive program should be formulated
to focus on a single lake or river.
Prior to initiating an intensive survey, sufficient time and funding
sho
uld
be
giv
en
to
pre
lim
ina
ry
pla
nni
ng
in
ord
er
to
opt
imi
ze
the
sur
vey
and its design.
III.
Whil
e th
ere
is a
need
to m
onit
or s
ome
of t
he s
ame
para
mete
rs,
par
tic
ula
rly
maj
or
nut
rie
nts
, i
n e
ach
lak
e a
nd
con
nec
tin
g w
ate
rwa
y,
surveys should also be designed for problems unique to specific
areas.
IV.
Wit
hin
Uni
ted
Sta
tes
fed
era
l a
nd
sta
te
env
iro
nme
nta
l a
gen
cie
s,
mon
ito
rin
g h
as
bee
n g
ive
n a
low
pri
ori
ty.
Unt
il
thi
s s
itu
ati
on
is
cha
nge
d,
mos
t l
ike
ly
thr
oug
h f
isc
al
and
oth
er
fed
era
l a
cti
ons
, a
Gre
at
Lak
es
mon
ito
rin
g p
rog
ram
suf
fic
ien
t t
o p
rov
ide
sci
ent
ifi
cal
ly
adequate data for an assessment of Great Lakes water quality is
unlikely.
 V. While there are numerous surveillance programs being conducted on
the Great Lakes, some of which have amassed years of data, it is difficult
to combine the findings of different agencies because of a lack of agree—
ment on the parameters being measured, sampling frequencies and analytical
procedures. Therefore, it is generally not possible at present to assess
the quality of an entire lake or connecting channel. This problem could
largely be overcome by more coordination of the groups involved in these
activites, including the development of inter—laboratory comparisons.
VI. At the present time, a disproportionately small amount of
funding and manhours is being spent on the analysis and interpretation
of monitoring and surveillance data. A greater effort is also needed
to remove unreliable information from both Canadian and U.S. Great
Lakes data storage systems.
VII. To conserve resources and improve the design of monitoring
programs, more use should be made of mathematical models. These
should be formulated and verified on the basis of intensive surveillance
of limited geographical areas as well as whole lake or river—wide
analyses of some conservative elements.
VIII. Routine reassessment of each monitoring program and the mechanisms
for storing and exchanging data is necessary, as is more interaction,
including exchanges of data, between those involved in research and
those engaged in monitoring.
IX. There is a special need to assess the biological significance of
numerous chemical measurements, particularly the use of algal bioassays
for quantifying the possible impact of the various chemical forms of
phosphorus currentlybeing discharged in the Great Lakes system.
X. Biological monitoring should be intensified, with particular
emphasis on using organisms such as CZadophora and benthic macro-
invertebrates as indicators of water quality.
XI. Exchanges of nutrients and toxicants between the Great Lakes and
the atmosphere also require monitoring in greater detail.
XII. Despite the fact that the nearshore region is the most intensely
used for water supplies, recreation and the dispersion of pollutants,
in the United States these regions are the least monitored. Inter—
phasing of nearshore and open—lake surveillance programs in the same
waterbody has been virtually non-existent, while monitoringof water
intakes is irregular, particularly in the United States. By comparison,
the open—lake surveys, which have been largely coordinated by the
Canada Centre for Inland Waters and the U.S. Environmental Protection
Agency, generally have yielded the most comprehensive results.
B.
 
Area Specific
I. Lake Ontario and the St. Lawrence River
Lake Ontario should be intensively monitored at least once every
four years. More routine sampling should emphasize nutrients, toxicants,
water quality indicators (i.e. Biological Oxygen Demand, chlorophyll)
as well as thermal inputs, radioactivity and Cladophora, which may be
more of a problem in Lake Ontario than in other regions of the Great
Lakes. New York State, with the aid of the U.S. Environmental Protection
Agency, should develop a nearshore monitoring program, particularly in the
area of Nine Mile Point where a number of electric generating plants
are being constructed. Surveys are needed to determine the impact
of
sho
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ven
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Tor
ont
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our
.
II. Lake Erie and the Detroit and Niagara Rivers
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d c
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e o
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III. Lake Michigan
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sh
er
ie
s
an
d
En
vi
ro
nm
en
t
Ca
na
da
,
pr
es
en
te
d
so
me
pe
rt
in
en
t
co
mm
en
ts
on
th
e
19
75
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
Su
rv
ei
ll
an
ce
Plan.
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J. P. Bruce *
It
is
a g
rea
t p
lea
sur
e t
o b
e w
ith
you
for
thi
s v
ery
imp
ort
ant
wor
ksh
op
and
to h
ave
an o
ppor
tuni
ty
to m
ake
a fe
w op
enin
g re
mark
s on
beha
lf o
f th
e
Wat
er
Qua
lit
y B
oar
d.
Mon
ito
rin
g
is
one
of
thr
ee
mai
n c
orn
ers
ton
es
of
the
197
2 C
ana
da—
U.S
.
Gre
at
Lak
es
Wat
er
Qua
lit
y A
gre
eme
nt
and
the
opt
imu
m d
esi
gn
of
mon
ito
rin
g a
nd
sur
vei
lla
nce
pro
gra
ms
is
ess
ent
ial
to
our
coo
per
ati
ve
suc
ces
s
in
wat
er
qua
lit
y
man
age
men
t
of
the
Gre
at
Lak
es.
Why
doe
s
the
Wa
te
r
Qu
al
it
y
Bo
ar
d
co
ns
id
er
a w
el
l—
co
nc
ei
ve
d
mo
ni
to
ri
ng
pr
og
ra
m
so
es
se
n—
tial?
To
ans
wer
we
sho
uld
rev
iew
the
phi
los
oph
y
and
con
cep
ts
of
thi
s
rem
ark
abl
e
in
te
rn
at
io
na
l
ag
re
em
en
t.
We
ar
e
al
l
in
vo
lv
ed
in
on
e
wa
y
or
an
ot
he
r
in
ca
rr
yi
ng
ou
t
va
ri
ou
s
as
pe
ct
s
of
the
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t.
Bu
t
so
me
ti
me
s
it
is
val
uab
le
to
pau
se
in
the
pur
sui
t
of
our
spe
cif
ic
act
ivi
tie
s
to
ref
lec
t
on
the
co
nc
ep
tu
al
fr
am
ew
or
k
in
wh
ic
h
we
ar
e
wo
rk
in
g.
Th
e
co
nc
ep
t
of
the
Gr
ea
t
La
ke
s
Ag
re
em
en
t
ca
n
be
su
mm
ar
iz
ed
as
co
ns
is
ti
ng
of
th
re
e
st
ep
s:
(1)
th
e
es
ta
bl
is
hm
en
t
of
sp
ec
if
ic
nu
me
ri
ca
l
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
wh
ic
h
bo
th
co
un
tr
ie
s
ag
re
e
ar
e
re
qu
ir
ed
to
pr
ot
ec
t
th
e
va
ri
ou
s
us
es
of
th
e
wa
te
r
re
so
ur
ce
an
d
th
e
aq
ua
ti
c
ec
os
ys
te
ms
of
th
e
Gr
ea
t
La
ke
s.
Ar
ti
cl
e
IV
of
th
e
Bo
un
da
ry
Wa
te
rs
Tr
ea
ty
of
19
09
sa
ys
th
at
ne
it
he
r
co
un
tr
y
sh
al
l
po
ll
ut
e
th
e
wa
te
rs
of
th
e
ot
he
r
to
th
e
ex
te
nt
of
"i
nj
ur
y
to
he
al
th
or
pr
op
er
ty
".
Ho
w
do
yo
u
de
fi
ne
th
is
de
gr
ee
of
po
ll
ut
io
n?
Th
e
tw
o
co
un
tr
ie
s
in
th
e
Ag
re
em
en
t
ha
ve
ch
os
en
to
sa
y
th
at
if
ag
re
ed
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ar
e
no
t
be
in
g
me
t,
in
ju
ry
to
he
al
th
or
pr
op
er
ty
is
oc
cu
rr
in
g.
Th
us
,
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ar
e
ou
r
ag
re
ed
go
al
s.
In
ou
r
na
ti
on
al
,
re
gi
on
al
an
d
lo
ca
l
pl
an
ni
ng
an
d
de
ve
lo
pm
en
t
ac
ti
vi
ti
es
in
ea
ch
co
un
tr
y
we
mu
st
be
gi
n
to
th
in
k
of
th
es
e
ob
je
ct
iv
es
as
an
ex
te
rn
al
co
ns
tr
ai
nt
th
at
mu
st
be
me
t
to
pr
ot
ec
t
ou
r
ne
ig
hb
or
s
ac
ro
ss
th
e
bo
rd
er
.
St
ep
(2
)
is
th
e
co
ns
tr
uc
ti
on
of
se
wa
ge
tr
ea
tm
en
t
pl
an
ts
an
d
co
mp
le
ti
on
of
ot
he
r
po
ll
ut
io
n
co
nt
ro
l
me
as
ur
es
de
si
gn
ed
to
ac
hi
ev
e
th
es
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
.
St
ep
(3
)
is
th
e
mo
ni
to
ri
ng
of
th
e
qu
al
it
y
of
th
e
bo
un
da
ry
wa
te
rs
to
en
su
re
th
at
ob
je
ct
iv
es
ar
e
be
in
g
me
t
an
d
to
pe
rm
it
ch
an
ge
s
in
em
ph
as
is
on
va
ri
ou
s
po
l-
lu
ti
on
co
nt
ro
l
me
as
ur
es
as
re
qu
ir
ed
to
ac
hi
ev
e
th
es
e
go
al
s.
Le
t
us
lo
ok
at
ea
ch
of
th
es
e
th
re
e
co
rn
er
st
on
es
of
th
e
Ag
re
em
en
t
an
d
se
e
ho
w
we
ar
e
do
in
g.
So
me
sp
ec
if
ic
ob
je
ct
iv
es
su
ch
as
di
ss
ol
ve
d
ox
yg
en
,
ir
on
,
ba
ct
er
ia
an
d
ph
os
ph
or
us
lo
ad
in
g,
we
re
in
co
rp
or
at
ed
in
th
e
or
ig
in
al
19
72
Ag
re
em
en
t.
Th
e
Wa
te
r
Qu
al
it
y
Ob
je
ct
iv
es
Su
bc
om
mi
tt
ee
ha
s
be
en
wo
rk
in
g
ha
rd
to
pr
ov
id
e
sp
ec
if
ic
nu
me
ri
ca
l
ob
je
ct
iv
es
fo
r
a
wi
de
ra
ng
e
of
ad
di
ti
on
al
po
ll
ut
an
ts
.
Th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
ha
s
ac
ce
pt
ed
so
me
of
th
ei
r
re
co
mm
en
da
ti
on
s
an
d
ot
he
rs
ar
e
be
in
g
re
vi
ew
ed
fo
r
th
ei
r
im
pl
ic
at
io
ns
fo
r
po
ll
ut
io
n
co
nt
ro
l
and monitoring programs.
 
*C
an
ad
ia
n
Ch
ai
rm
an
,
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Bo
ar
d,
un
ti
l
Oc
to
be
r
1,
19
76
 A
la
rg
e
nu
mb
er
of
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
po
ll
ut
io
n
co
nt
ro
l
pr
oj
ec
ts
ha
ve
be
en
co
mp
le
te
d
or
st
ar
te
d
in
bo
th
co
un
tr
ie
s.
Wh
il
e
no
t
al
l_
we
ha
d
ho
pe
d
fo
r
ha
s
be
en
ac
hi
ev
ed
in
th
e
wa
y
of
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
wa
st
e
co
nt
ro
l,
mo
re
th
an
$2
bi
ll
io
n
wo
rt
h
of
tr
ea
tm
en
t
pr
oj
ec
ts
ha
ve
be
en
co
mp
le
te
d
or
ar
e
un
de
rw
ay
.
Th
e
to
ta
l
ex
pe
nd
it
ur
es
on
po
ll
ut
io
n
co
nt
ro
l
me
as
ur
es
wi
ll
ce
rt
ai
nl
y
exceed $3 billion.
Pe
rh
ap
s
th
e
mo
st
di
ff
ic
ul
t
pr
ob
le
m
to
co
me
to
gr
ip
s
wi
th
ha
s
be
en
th
e
de
si
gn
an
d
ex
ec
ut
io
n
of
an
ef
fe
ct
iv
e
in
te
rn
at
io
na
l
mo
ni
to
ri
ng
an
d
su
rv
ei
ll
an
ce
pr
og
ra
m
fo
r
th
e
Gr
ea
t
La
ke
s.
Th
e
di
ff
ic
ul
ty
is
th
at
,
on
th
e
on
e
ha
nd
th
e
pr
og
ra
m
mu
st
se
rv
e
a
nu
mb
er
of
im
po
rt
an
t
pu
rp
os
es
,
an
d
on
th
e
ot
he
r,
it
mu
st
be
ca
rr
ie
d
ou
t
wi
th
a
se
ve
re
ly
li
mi
te
d
nu
mb
er
of
pe
op
le
an
d
do
ll
ar
s.
To
co
mp
li
ca
te
ma
tt
er
s
fu
rt
he
r,
th
e
pr
og
ra
m
mu
st
be
co
nd
uc
te
d
in
a
co
or
di
na
te
d
wa
y
by
el
ev
en
di
ff
er
en
t
go
ve
rn
me
nt
s:
ei
gh
t
st
at
e,
on
e
pr
ov
in
ci
al
an
d
tw
o
fe
de
ra
l,
an
d
of
te
n
by
se
ve
ra
l
ag
en
ci
es
wi
th
in
ea
ch
go
ve
rn
me
nt
.
Th
e
go
al
s
of
th
e
su
rv
ei
ll
an
ce
pr
og
ra
m
ar
e
vi
ew
ed
by
th
e
Wa
te
r
Qu
al
it
y
Board as:
1)
Pr
ov
id
e
de
fi
ni
ti
ve
in
fo
rm
at
io
n
on
wh
en
,
wh
er
e
an
d
ho
w
fr
eq
ue
nt
ly
ag
re
ed
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ar
e
be
in
g
vi
ol
at
ed
,
in
th
e
la
ke
s
an
d
in
th
e
in
te
rc
on
ne
ct
in
g
ch
an
ne
ls
.
2)
Pr
ov
id
e
in
fo
rm
at
io
n
on
tr
en
ds
in
wa
te
r
qu
al
it
y
pa
ra
me
te
rs
in
th
e
La
ke
s
an
d
co
nn
ec
ti
ng
ch
an
ne
ls
,
in
re
sp
on
se
to
po
ll
ut
io
n
co
nt
ro
l
me
as
ur
es
an
d
ne
w
or
co
nt
in
ui
ng
po
ll
ut
io
n
lo
ad
s.
3)
Id
en
ti
fy
ne
w
or
hi
th
er
to
un
de
te
ct
ed
co
nt
am
in
an
ts
or
en
vi
ro
nm
en
ta
l
pr
ob
le
ms
in
th
e
la
ke
sy
st
em
,
le
ad
in
g
to
ad
op
ti
on
of
ap
pr
op
ri
at
e
additional pollution control measures.
Th
es
e
th
re
e
ob
je
ct
iv
es
wo
ul
d
pr
ov
id
e
a
di
ff
ic
ul
t
ch
al
le
ng
e
to
th
e
pr
og
ra
m
de
si
gn
er
wh
o
ha
s
un
li
mi
te
d
re
so
ur
ce
s
at
hi
s
di
sp
os
al
.
To
de
si
gn
an
ef
fe
ct
iv
e
pr
og
ra
m
wi
th
th
e
li
mi
te
d
ma
np
ow
er
an
d
do
ll
ar
s
av
ai
la
bl
e
is
a
ch
al
le
ng
e
fo
r
th
e
be
st
sc
ie
nt
if
ic
an
d
te
ch
ni
ca
l
br
ai
ns
we
ha
ve
.
I
am
de
—
li
gh
te
d
to
se
e
th
e
po
ss
es
so
rs
of
ma
ny
su
ch
br
ai
ns
he
re
at
th
is
wo
rk
sh
Op
,
an
d
am
pa
rt
ic
ul
ar
ly
pl
ea
se
d
to
no
te
th
e
nu
mb
er
of
ou
ts
ta
nd
in
g
ac
ad
em
ic
s
he
re
to
di
sc
us
s
th
es
e
ma
tt
er
s
wi
th
th
ei
r
go
ve
rn
me
nt
co
ll
ea
gu
es
.
Th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
re
pr
es
en
ts
th
e
gr
ea
te
st
ef
fo
rt
ev
er
ma
de
by
ma
n,
an
yw
he
re
,
to
re
ve
rs
e
a
se
ri
ou
s
ca
se
of
en
vi
ro
nm
en
ta
l
de
-
gr
ad
at
io
n.
Th
e
wo
rl
d
is
wa
tc
hi
ng
th
e
su
cc
es
se
s
an
d
fa
il
ur
es
of
ou
r
co
op
er
at
iv
e
ve
nt
ur
e.
Bu
t
th
e
ul
ti
ma
te
me
as
ur
e
of
ou
r
su
cc
es
s
is
no
t
ho
w
mu
ch
co
nc
re
te
is
po
ur
ed
fo
r
se
wa
ge
tr
ea
tm
en
t
pl
an
ts
or
ho
w
mu
ch
mo
ne
y
go
es
in
to
wa
st
e
ma
na
ge
me
nt
pr
oj
ec
ts
.
Wh
at
re
al
ly
ma
tt
er
s
is
th
e
im
pr
ov
em
en
t
or
la
ck
of
it
,
in
th
e
qu
al
it
y
of
wa
te
r
in
th
e
la
ke
s
sy
st
em
.
Th
is
is
ea
sy
to
sa
y
bu
t
ve
ry
di
ff
ic
ul
t
to
me
as
ur
e.
In
on
e
se
ns
e,
ou
r
tw
o
co
un
tr
ie
s
ar
e
en
ga
ge
d
in
a
ve
ry
co
st
ly
ex
pe
ri
me
nt
to
re
ve
rs
e
or
pr
ev
en
t
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
in
th
e
Gr
ea
t
La
ke
s.
We
mu
st
ha
ve
in
fo
rm
at
io
n
on
la
ke
an
d
ri
ve
r
re
sp
on
se
s
to
ma
ke
co
rr
ec
ti
on
s
in
po
ll
ut
io
n
co
nt
ro
l
st
ra
te
gi
es
an
d
to
me
as
ur
e
su
cc
es
se
s
an
d
fa
il
ur
es
.
In
ad
di
ti
on
,
fo
r
the
sak
e
of
wat
er
man
age
rs
eve
ryw
her
e,
and
for
the
sci
ent
ifi
c
com
mun
ity
aro
und
the
wor
ld,
we
mus
t c
lea
rly
and
car
efu
lly
doc
ume
nt
the
out
com
e o
f t
he
exp
eri
men
t.
10
 You, today and tomorrow, are charged with helping to define the nature
and number of measurements needed to answer the questions about the responses
of t
he G
reat
Lake
s sy
stem
.
On X
our
succ
ess
here
will
depe
nd i
n no
smal
l
meas
ure
the
ulti
mate
succ
ess
of t
he G
reat
Lake
s Wa
ter
Qual
ity
Agre
emen
t.
11
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G. K. Rodgers
Review of the 1975 Plan
The
sta
rti
ng
poi
nt
for
Wor
ksh
op
dis
cus
sio
n i
s t
he
sur
vei
lla
nce
pla
n i
n
the
Wat
er
Qua
lit
y B
oar
d's
197
4 A
nnu
al
Rep
ort
, p
ubl
ish
ed
in
Jul
y 1
975
, s
up—
ple
men
ted
wit
h d
eta
ile
d p
lan
s s
ubs
equ
ent
ly
dra
wn
up
by
Tas
k G
rou
ps
of
the
Surveillance Subcommittee.
Because the plan contains many elements, both
exp
lic
it
and
imp
lic
it,
whi
ch
are
imp
ort
ant
to
our
dis
cus
sio
ns,
the
pol
icy
and
int
ent
of
the
Sub
com
mit
tee
sho
uld
be
cla
rif
ied
by
det
ail
ing
wha
t
is
and
is
not in the program.
1.
Sur
vei
lla
nce
and
mon
ito
rin
g a
re
ref
ere
nce
d i
n t
he
Wat
er
Qua
lit
y A
gre
e-
men
t i
n t
he
con
tex
t o
f t
he
ent
ire
Gre
at
Lak
es
Sys
tem
inc
lud
ing
all
str
eam
s,
riv
ers
,
lak
es,
etc
. i
n t
he
dra
ina
ge
bas
in
of
the
St.
Law
ren
ce
Riv
er.
How
eve
r,
the
ter
ms
of
ref
ere
nce
for
the
Sur
vei
lla
nce
Sub
com
mit
tee
dea
l
onl
y
wit
h
the
bou
nda
ry
wat
ers
plu
s
Lak
e M
ich
iga
n.
Thu
s w
ate
r
qu
al
it
y
wi
th
in
an
d
in
ci
de
nt
(l
oa
di
ng
)
to
th
es
e
wa
te
rs
is
id
en
ti
fi
ed
in
pr
es
en
t
pl
an
s
wh
il
e
mi
xi
ng
zon
es
,
co
nt
am
in
an
ts
in
fi
sh
,
aq
ua
ti
c
birds and sediments are excluded.
In
ad
di
ti
on
to
ex
cl
ud
in
g
th
es
e
it
em
s,
th
e
pl
an
do
es
no
t
me
nt
io
n
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
sc
ur
ce
s
up
st
re
am
fr
om
th
e
mo
ut
hs
of
tr
ib
ut
ar
ie
s,
in
du
st
ri
al
mo
ni
to
ri
ng
,
su
rv
ei
ll
an
ce
of
re
gu
la
ti
on
s
or
en
fo
rc
em
en
t
ac
ti
vi
ti
es
ex
ce
pt
as
th
ey
re
la
te
to
th
e
bo
un
da
ry
wa
te
rs
,
or
the
re
po
rt
in
g
of
po
in
t
so
ur
ce
in
pu
ts
to
th
es
e
wa
te
rs
up
st
re
am
fr
om
th
e
mo
ut
hs
of
th
e
tr
ib
ut
ar
ie
s.
Th
at
is
no
t
to
sa
y
th
at
th
ey
do
no
t
ex
is
t;
ra
th
er
,
th
ey
ar
e
ta
ke
n
as
gi
ve
n
wi
th
ou
t
id
en
ti
fi
ca
ti
on
by
th
e
Su
bc
om
mi
tt
ee
.
Th
e
19
75
pl
an
ex
cl
ud
es
su
rv
ei
ll
an
ce
su
ch
as
ae
ri
al
re
co
nn
ai
ss
an
ce
fo
r
oi
l
sp
il
ls
an
d
th
e
li
ke
,
or
th
e
ty
pe
of
co
nt
in
uo
us
au
to
ma
ti
c
or
vi
su
al
mo
ni
to
ri
ng
de
si
gn
ed
to
wa
rn
of
sh
or
t
du
ra
ti
on
,
hi
gh
in
te
ns
it
y
in
du
st
ri
al
sp
il
ls
.
De
sp
it
e
th
e
la
ck
of
su
rv
ei
ll
an
ce
an
d
en
fo
rc
em
en
t
he
re
,
it
is
po
ss
ib
le
th
at
so
me
of
th
e
lo
ng
er
te
rm
in
te
gr
at
ed
ef
fe
ct
s
of
sp
il
ls
ma
y
be
ev
id
en
t
in
th
e
da
ta
fo
r
bi
ot
a
or
se
di
me
nt
qu
al
it
y.
Th
e
pl
an
as
su
me
s
th
at
th
e
in
te
rp
re
ta
ti
on
ro
le
of
th
e
Su
rv
ei
ll
an
ce
Su
b—
co
mm
it
te
e
is
ca
rr
ie
d
ou
t
so
le
ly
wi
th
in
th
e
co
nt
ex
t
of
th
e
av
ai
la
bl
e
mo
de
ls
.
Co
ns
eq
ue
nt
ly
,
it
do
es
no
t
in
cl
ud
e
th
e
co
st
of
an
y
re
se
ar
ch
to
im
pr
ov
e
mo
de
ls
or
un
de
rs
ta
nd
in
g
of
th
e
La
ke
s
Sy
st
em
ex
ce
pt
in
so
fa
r
as
th
e
da
ta
co
ll
ec
te
d
in
th
e
Su
rv
ei
ll
an
ce
Pl
an
mi
gh
t
be
ut
il
iz
ed
by
qu
it
e
se
pa
ra
te
re
se
ar
ch
ac
ti
vi
ti
es
.
So
me
re
se
ar
ch
ne
ed
s
ar
e
sp
ec
if
ie
d
and
hav
e b
een
com
mun
ica
ted
to
the
ReS
ear
ch
Adv
iso
ry
Boa
rd.
Sur
vei
lla
nce
l3
 is
so
br
oa
d
in
its
ap
pl
ic
at
io
n,
ho
we
ve
r,
th
at
mo
st
of
th
e
pr
io
ri
ty
res
ear
ch
are
as
ide
nti
fie
d
for
the
Gre
at
Lak
es
hav
e
app
lic
ati
on
to
su
rv
ei
ll
an
ce
.
Ce
rt
ai
n
pi
lo
t
st
ud
ie
s
in
cl
ud
ed
in
th
e
Su
rv
ei
ll
an
ce
Pl
an
are
des
ign
ed
to
est
abl
ish
var
iab
ili
ty
in
som
e
spe
cif
ic
con
cen
tra
tio
n o
r
loa
din
g
com
pon
ent
of
the
pro
gra
m t
hro
ugh
mor
e
int
ens
ive
sam
pli
ng,
and
eac
h w
ill
las
t f
rom
one
to
two
yea
rs.
It
is
lik
ely
tha
t s
uch
stu
die
s
wil
l
be
req
uir
ed
in
a n
umb
er
of
loc
ati
ons
ove
r
sev
era
l
yea
rs.
5.
Co
st
s
en
te
re
d
in
th
e
19
75
de
si
gn
co
ve
r
a
nu
mb
er
of
pr
or
at
ed
el
em
en
ts
.
Tha
t
is,
the
y
ass
ume
con
tin
ual
ly
ava
ila
ble
fac
ili
tie
s
suc
h
as
shi
ps
or
la
bo
ra
to
ri
es
,
wh
ic
h
ar
e
no
t
ne
ce
ss
ar
il
y
us
ed
on
a
fu
ll
ti
me
ba
si
s
fo
r
Int
ern
ati
ona
l
Joi
nt
Com
mis
sio
n
(IJ
C)
sur
vei
lla
nce
.
Obv
iou
sly
,
cur
—
tai
lme
nt
of
the
pro
gra
ms
sup
por
tin
g
the
se
fac
ili
tie
s
wil
l
hav
e
a s
tro
ng
impact on the plan's "overhead".
6.
Wh
il
e
th
e
pl
an
em
ph
as
iz
es
co
nt
in
ui
ty
of
re
so
ur
ce
s,
ca
re
wi
ll
ha
ve
to
be
ta
ke
n
to
re
al
iz
e
th
e
ad
va
nt
ag
es
of
th
is
ap
pr
oa
ch
by
co
or
di
na
ti
ng
th
e
resources available.
7.
Th
e
de
si
gn
ha
s
be
en
dr
aw
n
up
wi
th
mi
ni
mu
m
di
sl
oc
at
io
n
of
ex
is
ti
ng
pr
og
ra
ms
in
th
e
ag
en
ci
es
ex
ce
pt
wh
er
e
th
ey
ha
ve
so
me
di
sc
re
ti
on
ar
y
fu
nd
s
or
ne
w
fu
nd
in
g
sp
ec
if
ie
d
for
IJ
C
su
rv
ei
ll
an
ce
.
As
a
re
su
lt
,
li
tt
le
in
no
va
ti
on
is
ev
id
en
t
al
th
ou
gh
th
er
e
ar
e
so
me
ad
de
d
pr
og
ra
ms
.
8.
Sin
ce
add
iti
ona
l
com
pon
ent
s
wil
l
be
nec
ess
ary
as
new
pro
ble
ms
are
id
en
ti
fi
ed
,
th
er
e
mu
st
be
a
co
nt
in
ua
l
re
vi
ew
of
th
e
de
si
gn
.
Commentary
Th
e
19
75
pl
an
la
ck
s
st
re
ng
th
in
id
en
ti
fy
in
g
re
so
ur
ce
s
ne
ed
ed
to
pr
ov
id
e
an
sw
er
s
to
Wa
te
r
Qu
al
it
y
Bo
ar
d
re
fe
rr
al
s
of
ne
w
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
,
to
re
sp
on
d
to
th
e
re
co
mm
en
da
ti
on
s
of
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d,
or
to
ca
rr
y
ou
t
an
in
—d
ep
th
an
al
ys
is
of
qu
es
ti
on
s
on
in
te
rp
re
ta
ti
on
of
th
e
da
ta
.
Re
se
ar
ch
to
de
ve
lo
p
ne
w
kn
ow
le
dg
e
is
no
t
re
qu
ir
ed
he
re
,
bu
t
si
mp
ly
th
e
ap
pl
ic
at
io
n
of
existing knowledge.
Mu
ch
is
ma
de
of
th
e
ne
ed
to
in
te
gr
at
e
da
ta
sy
st
em
s
fo
r
ef
fi
ci
en
t
da
ta
ex
ch
an
ge
be
tw
ee
n
ag
en
ci
es
.
Wh
il
e
th
er
e
is
an
un
do
ub
te
d
ne
ed
fo
r
co
mp
ar
is
on
s
to
be
ma
de
,
an
d
a
re
fe
re
nc
e
da
ta
ba
nk
is
ab
so
lu
te
ly
re
qu
ir
ed
,
ex
pe
ri
en
ce
wi
th
ma
tt
er
s
of
da
ta
qu
al
it
y,
do
cu
me
nt
at
io
n,
an
d
th
e
fa
ct
th
at
ag
en
cy
me
th
od
ol
og
y
is
unl
ike
ly
to
be
cha
nge
d
sim
ply
at
IJC
req
ues
t,
sug
ges
t
tha
t
the
str
ate
gy
sh
ou
ld
be
to
es
ta
bl
is
h
ag
en
cy
pr
og
ra
ms
wh
ic
h
ar
e
in
te
gr
al
un
it
s
of
da
ta
co
ll
ec
ti
on
an
d
in
te
rp
re
ta
ti
on
an
d
th
at
th
es
e
be
li
nk
ed
la
rg
el
y
at
a
ge
ne
ra
l
pr
og
ra
m
le
ve
l
wi
th
ot
he
r
ag
en
ci
es
.
Co
ns
eq
ue
nt
ly
,
da
ta
co
ll
ec
ti
on
-i
nt
er
pr
et
io
n
wo
ul
d
be
an
in
di
vi
du
al
un
it
ta
sk
an
d
ob
je
ct
iv
e,
re
du
ci
ng
th
e
co
ns
id
er
ab
le
ef
fo
rt
pr
es
en
tl
y
ex
pe
nd
ed
in
mu
lt
i—
ag
en
cy
in
te
gr
at
io
n
fo
r
re
po
rt
s.
Th
is
wo
ul
d
al
so
pr
ov
id
e
a
li
nk
be
tw
ee
n
st
af
f
co
ll
ec
ti
ng
th
e
da
ta
an
d
st
af
f
en
ga
ge
d
in
its
in
te
rp
re
ta
ti
on
.
It
is
no
t
su
gg
es
te
d
ho
we
ve
r
th
at
th
es
e
un
it
s
of
th
e
pr
og
ra
m
be
co
mp
le
te
ly
se
pa
ra
te
d.
Ra
th
er
,
th
e
Su
rv
ei
ll
an
ce
Su
bc
om
mi
tt
ee
ha
s
to
ens
ure
tha
t t
hes
e s
tud
ies
, m
eth
ods
and
dat
a a
re
com
par
abl
e a
nd
com
pat
ibl
e.
Fur
the
rmo
re,
the
re
are
ele
men
ts
of
dat
a i
nte
rpr
eta
tio
n t
hat
nec
ess
ita
te
clo
se
14
 co
or
di
na
ti
on
.
Fo
r
ex
am
pl
e,
th
e
wh
ol
e
la
ke
tr
op
hi
c
le
ve
l
in
te
rp
re
ti
on
re
qu
ir
es
a
re
as
on
ab
le
ph
os
ph
or
us
lo
ad
in
g
re
co
rd
.
No
ne
th
el
es
s,
as
fa
r
as
is
pr
ac
ti
ca
l,
th
er
e
sh
ou
ld
be
di
st
in
ct
ag
en
cy
da
ta
co
ll
ec
ti
on
an
d
in
te
rp
re
ta
ti
on
st
ud
y
un
it
s
i
n
t
h
e
p
r
o
g
r
a
m
.
Th
e
pr
og
ra
m
de
si
gn
re
fl
ec
ts
ag
en
cy
an
d
fa
ci
li
ty
co
ns
tr
ai
nt
s
to
o
st
ro
ng
ly
.
Wh
il
e
th
es
e
ha
ve
to
be
re
co
gn
iz
ed
,
th
er
e
is
fa
r
to
o
li
tt
le
ra
t-
io
na
le
bu
il
t
ar
ou
nd
th
e
is
su
es
wh
ic
h
th
e
su
rv
ei
ll
an
ce
pl
an
sh
ou
ld
ad
dr
es
s.
Fi
na
ll
y,
pr
io
ri
ti
es
sh
ou
ld
be
se
t
fo
r
th
e
va
ri
ou
s
co
mp
on
en
ts
of
th
e
pl
an
.
P
r
i
n
c
i
p
l
e
s
o
f
S
u
r
v
e
i
l
l
a
n
c
e
B
e
f
o
r
e
r
e
vi
e
wi
n
g
th
e
r
a
t
i
o
n
a
l
e
fo
r
su
rv
ei
ll
an
ce
,
th
e
p
r
i
n
c
i
p
l
e
s
to
be
a
g
r
e
e
d
on
fo
r
s
ur
ve
i
l
l
a
n
c
e
sh
ou
ld
be
di
sc
us
se
d.
Th
e
f
o
l
l
o
wi
n
g
li
st
is
d
r
a
wn
f
r
o
m
a
v
a
r
i
e
t
y
of
so
ur
ce
s,
in
pa
rt
ic
ul
ar
,
th
e
Gl
ob
al
E
n
vi
r
o
n
m
e
n
t
a
l
M
o
n
i
t
o
r
i
n
g
S
y
s
t
e
m
P
h
a
s
e
I
A
c
t
i
o
n
P
l
a
n
an
d
G.
Fr
ed
Le
e'
s
pa
pe
r,
"G
re
at
La
ke
s
W
a
t
e
r
Q
ua
l
i
t
y
M
o
n
i
t
o
r
i
n
g
S
t
r
a
t
e
g
y
"
.
1.
A
g
e
n
c
i
e
s
m
u
s
t
u
s
e
c
o
m
p
a
r
a
b
l
e
s
a
m
p
l
i
n
g
t
e
c
h
n
i
q
u
e
s
b
u
t
n
o
t
n
e
c
e
s
s
a
r
i
l
y
identical methods.
2.
P
e
r
i
o
d
i
c
i
n
t
e
r
—
c
a
l
i
b
r
a
t
i
o
n
of
t
h
e
m
a
j
o
r
l
a
b
o
r
a
t
o
r
i
e
s
i
n
v
o
l
v
e
d
is
n
e
c
e
s
s
a
r
y
.
T
h
e
m
i
n
i
m
u
m
i
s
l
a
b
o
r
a
t
o
r
y
c
e
r
t
i
f
i
c
a
t
i
o
n
,
b
u
t
c
o
n
t
i
n
u
a
l
i
n
t
e
r
l
a
b
o
r
a
t
o
r
y
c
o
m
p
a
r
i
s
o
n
s
a
r
e
r
e
q
u
i
r
e
d
.
3.
C
o
m
p
a
r
a
b
l
e
d
a
t
a
b
a
n
k
s
m
u
s
t
e
v
o
l
v
e
a
n
d
a
f
u
l
l
i
n
v
e
n
t
o
r
y
s
u
p
p
l
i
e
d
.
4.
Q
u
a
l
i
t
y
c
o
n
t
r
o
l
p
r
o
c
e
d
u
r
e
s
s
h
o
u
l
d
b
e
d
o
c
u
m
e
n
t
e
d
a
n
d
q
u
a
l
i
t
y
c
o
n
t
r
o
l
d
a
t
a
b
e
r
e
p
o
r
t
e
d
r
o
u
t
i
n
e
l
y
a
s
p
a
r
t
o
f
t
h
e
d
a
t
a
p
a
c
k
a
g
e
.
5.
S
p
e
c
i
f
i
c
d
a
t
a
s
u
b
m
i
s
s
i
o
n
d
e
a
d
l
i
n
e
s
a
n
d
f
o
r
m
a
t
s
a
r
e
r
e
q
u
i
r
e
d
.
6.
S
a
m
p
l
i
n
g
s
i
t
e
s
s
h
o
u
l
d
b
e
r
e
c
o
r
d
e
d
,
d
e
s
c
r
i
b
e
d
a
n
d
t
h
i
s
i
n
f
o
r
m
a
t
i
o
n
r
o
u
t
i
n
e
l
y
u
p
d
a
t
e
d
.
7.
T
h
e
d
e
t
a
i
l
s
o
f
s
t
a
t
i
o
n
o
p
e
r
a
t
i
o
n
m
u
s
t
b
e
l
o
g
g
e
d
.
8.
P
r
o
c
e
d
u
r
e
s
s
h
o
u
l
d
b
e
d
o
c
u
m
e
n
t
e
d
a
n
d
u
p
d
a
t
e
d
r
e
g
u
l
a
r
l
y
.
T
h
i
s
s
h
o
u
l
d
i
n
c
l
u
d
e
s
a
m
p
l
i
n
g
t
e
c
h
n
i
q
u
e
s
a
n
d
s
a
m
p
l
e
s
t
o
r
a
g
e
a
s
w
e
l
l
a
s
t
h
e
a
n
a
l
y
t
i
c
a
l
methods.
9.
I
f
t
e
c
h
n
i
q
u
e
s
a
r
e
m
o
d
i
f
i
e
d
,
a
n
o
v
e
r
l
a
p
o
f
d
a
t
a
b
y
o
l
d
a
n
d
n
e
w
t
e
c
h
n
i
q
u
e
s
f
o
r
o
n
e
y
e
a
r
i
s
n
e
c
e
s
s
a
r
y
.
1
0
.
O
n
c
e
a
s
t
a
t
i
o
n
h
a
s
b
e
e
n
e
s
t
a
b
l
i
s
h
e
d
,
v
a
r
i
a
b
i
l
i
t
y
o
f
s
u
r
v
e
i
l
l
a
n
c
e
p
a
r
a
m
e
t
e
r
s
s
h
o
u
l
d
b
e
t
e
s
t
e
d
o
r
a
s
s
e
s
s
e
d
.
1
1
.
B
e
c
a
u
s
e
i
t
i
s
n
o
t
a
l
w
a
y
s
p
o
s
s
i
b
l
e
t
o
f
o
r
e
s
e
e
t
h
e
i
r
f
u
t
u
r
e
u
s
e
,
t
h
e
h
i
g
h
e
s
t
q
u
a
l
i
t
y
d
a
t
a
s
h
o
u
l
d
b
e
o
b
t
a
i
n
e
d
.
(
H
i
g
h
e
s
t
q
u
a
l
i
t
y
m
e
a
n
s
as
g
o
o
d
as
s
p
e
c
i
f
i
e
d
or
e
v
e
n
b
e
t
t
e
r
,
if
e
c
o
n
o
m
i
c
a
l
l
y
feasible).
15
 12
.
Da
ta
as
se
ss
me
nt
mu
st
be
ca
rr
ie
d
ou
t
on
a
co
nt
in
ui
ng
ba
si
s
in
te
rm
s
of
qu
al
it
y
co
nt
ro
l
re
vi
ew
,
op
ti
mi
za
ti
on
of
sa
mp
li
ng
,
ex
am
in
at
io
n
of
da
ta
fo
r
tr
en
ds
,
co
mp
ar
is
on
wi
th
st
an
da
rd
s
an
d
ev
en
tu
al
ly
,
de
ve
lo
pm
en
t
of predictions.
Wh
il
e
so
me
of
th
es
e
ar
e
de
ta
il
ed
at
on
e
pl
ac
e
or
an
ot
he
r
in
th
e
Su
rv
ei
ll
an
ce
Su
bc
om
mi
tt
ee
pr
es
en
ta
ti
on
,
th
ey
sh
ou
ld
be
dr
aw
n
to
ge
th
er
fo
r
a
n
i
n
t
e
g
r
a
t
e
d
s
t
a
t
e
m
e
n
t
of
a
g
r
e
e
d
p
r
i
n
c
i
p
l
e
s
.
To
wa
rd
s
a
Ra
ti
on
al
e
fo
r
Su
rv
ei
ll
an
ce
Pr
og
ra
m
De
si
gn
In
de
al
in
g
wi
th
wa
te
r
qu
al
it
y
is
su
es
th
at
sh
ou
ld
co
me
un
de
r
su
rv
ei
ll
an
ce
,
we
ge
ne
ra
ll
y
re
co
gn
iz
e
a
so
ur
ce
of
ma
te
ri
al
(o
r
en
er
gy
)
an
d
so
me
un
de
si
ra
bl
e
im
pa
ct
of
th
at
ma
te
ri
al
.
It
is
un
de
rs
to
od
th
at
ma
n
ha
s
ce
rt
ai
n
co
nt
ro
l
ov
er
th
e
so
ur
ce
ma
te
ri
al
.
Th
e
re
la
ti
on
sh
ip
be
tw
ee
n
th
es
e
tw
o
ca
n
be
ex
pr
es
se
d
in
so
me
"m
od
el
"
th
at
wo
ul
d
ta
ke
ac
co
un
t
of
th
e
na
tu
ra
l
pr
oc
es
se
s
th
at
pa
ra
ll
el
th
e
so
ur
ce
im
pa
ct
,
tr
an
sf
or
ma
ti
on
s
of
th
e
ma
te
ri
al
be
yo
nd
th
e
po
in
t
of
i
n
t
r
o
d
uc
t
i
o
n
in
to
th
e
e
n
vi
r
o
n
m
e
n
t
,
an
d
th
e
p
a
t
h
wa
ys
of
th
e
m
a
t
e
r
i
a
l
t
h
r
o
ug
h
th
e
en
vi
ro
nm
en
t.
Sc
he
ma
ti
ca
ll
y
it
ma
y
be
se
en
as
fo
ll
ow
s:
  
 
  
  
 
   
  
  
  
 
Source
(N
at
ur
al
)
Im
pa
ct
Sy
st
em
1.
..
.
Operation ——> 11
(E
nv
ir
on
me
nt
)
'°
"
111....
1V....
S
o
u
r
c
e
L
f
ﬁ
-
“
“
-
—
_
’
/
(Man—made)
Th
e
d
e
v
e
l
o
p
m
e
n
t
of
s
ur
ve
i
l
l
a
n
c
e
s
t
r
a
t
e
g
y
d
e
p
e
n
d
s
h
e
a
v
i
l
y
on
ou
r
kn
ow
le
dg
e
of
th
es
e
re
la
ti
on
sh
ip
s.
Th
e
be
tt
er
ou
r
un
de
rs
ta
nd
in
g
of
th
e
en
vi
ro
nm
en
t,
th
e
mo
re
ef
fi
ci
en
t
or
ec
on
om
ic
al
su
rv
ei
ll
an
ce
ma
y
be
.
An
ex
am
pl
e
ma
y
he
lp
to
il
lu
st
ra
te
it
s
ap
pl
ic
at
io
n.
Is
su
e
A:
He
at
in
pu
t
fr
om
in
du
st
ry
an
d
po
we
r
pl
an
ts
(a
ss
oc
ia
te
d
wi
th
k
i
n
e
t
i
c
e
n
e
r
g
y
in
pu
ts
).
Im
pa
ct
s:
1
Av
er
ag
e
su
rf
ac
e
te
mp
er
at
ur
e
ri
se
11
In
cr
ea
se
d
ev
ap
or
at
io
n
l6
 II
I
Al
te
ra
ti
on
in
th
er
ma
l
st
ru
ct
ur
e
(he
at
pl
um
es
,
lo
ca
li
ze
d
thermal structure alterations)
IV
Bi
ol
og
ic
al
im
pa
ct
(e
nt
ra
in
me
nt
ef
fe
ct
s,
al
te
ra
ti
on
of
ha
bi
ta
t,
fish, bottom fauna, etc.)
S
u
r
v
e
i
l
l
a
n
c
e
R
a
t
i
o
n
a
l
e
Is
su
e:
Si
nc
e
ma
n—
ma
de
he
at
so
ur
ce
s
ar
e
ge
ne
ra
ll
y
po
we
r
pl
an
t
ef
fl
ue
nt
s,
th
ey
ar
e
ea
si
ly
mo
ni
to
re
d
di
re
ct
ly
at
th
ei
r
or
ig
in
,
by
ju
st
lo
gg
in
g
th
e
pl
an
t'
s
el
ec
tr
ic
ou
tp
ut
wi
th
an
ef
fi
ci
en
cy
factor included.
Im
pa
ct
s:
I
an
d
II
.
Av
er
ag
e
la
ke
su
rf
ac
e
te
mp
er
at
ur
e
ri
se
an
d
ev
ap
or
at
io
n
du
e
to
th
e
ad
de
d
he
at
ar
e
we
ll
en
ou
gh
kn
ow
n
to
pr
ov
id
e
a
re
as
on
ab
le
es
ti
ma
te
of
wh
at
th
es
e
im
pa
ct
s
wi
ll
be
.
Th
e
ex
te
nt
of
th
e
im
pa
ct
is
sm
al
l
an
d
is
us
ua
ll
y
ma
sk
ed
by
na
tu
ra
l
va
ri
at
io
ns
in
wa
te
r
te
mp
er
at
ur
e.
Co
ns
eq
ue
nt
ly
th
er
e
is
no
ne
ed
fo
r
su
rv
ei
ll
an
ce
in
th
e
la
ke
an
d
be
ca
us
e
th
er
e
ar
e
no
pr
ac
ti
ca
l
me
an
s
to
do
so
,
th
e
pr
og
ra
m
on
ly
ne
ed
s
to
in
cl
ud
e
mo
ni
to
ri
ng
of
he
at
in
pu
ts
.
II
I
an
d
IV
.
In
ad
di
ti
on
to
a
la
ck
of
qu
an
ti
ta
ti
ve
es
ti
ma
te
s
on
th
e
im
pa
ct
of
he
at
in
pu
ts
on
th
er
ma
l
st
ru
ct
ur
e
an
d
bi
ot
a,
th
e
is
su
e
is
co
mp
li
ca
te
d
by
be
in
g
si
te
—s
pe
ci
fi
c
to
a
de
gr
ee
.
As
a
re
su
lt
,
if
a
si
gn
fi
ca
nt
po
te
nt
ia
l
im
pa
ct
is
fo
re
se
en
,
th
er
e
ar
e
at
le
as
t
tw
o
ch
oi
ce
s.
Th
e
im
pa
ct
co
ul
d
be
mo
de
ll
ed
or
qu
an
ti
fi
ed
b
e
f
o
r
e
i
n
s
t
i
t
ut
i
n
g
su
rv
ei
ll
an
ce
,
or
a
p
r
o
g
r
a
m
c
o
n
t
a
i
n
i
n
g
s
uf
f
i
c
i
e
n
t
da
ta
to
en
su
re
th
at
a
go
od
m
e
a
s
ur
e
of
th
e
ef
fe
ct
is
o
b
t
a
i
n
e
d
ca
n
be
un
de
rt
ak
en
.
Th
e
la
tt
er
r
e
s
e
m
b
l
e
s
a
r
e
s
e
a
r
c
h
p
r
o
g
r
a
m
b
u
t
is
r
e
a
l
l
y
o
n
l
y
s
u
r
v
e
i
l
l
a
n
c
e
of
a
n
t
i
c
i
p
a
t
e
d
p
a
r
a
m
e
t
e
r
s
w
i
t
h
a
V
i
e
w
to
e
m
p
i
r
i
c
a
l
l
y
t
e
s
t
i
n
g
t
h
e
d
e
g
r
e
e
of
i
m
p
a
c
t
a
n
d
c
o
u
l
d
s
e
r
v
e
as
t
h
e
d
a
t
a
b
a
s
e
fo
r
r
e
s
e
a
r
c
h
i
n
t
o
q
u
a
n
t
i
f
y
i
n
g
e
f
f
e
c
t
.
W
h
e
r
e
n
o
q
u
a
n
t
i
t
a
t
i
v
e
m
o
d
e
l
e
x
i
s
t
s
,
w
h
e
r
e
it
a
p
p
e
a
r
s
p
r
a
c
t
i
c
a
l
to
s
o
r
t
i
m
p
a
c
t
f
r
o
m
e
n
v
i
r
o
n
m
e
n
t
a
l
"
n
o
i
s
e
"
,
a
n
d
w
h
e
r
e
t
h
e
p
o
t
e
n
t
i
a
l
i
m
p
a
c
t
is
s
u
f
f
i
c
i
e
n
t
l
y
i
m
p
o
r
t
a
n
t
to
m
e
r
i
t
a
t
t
e
n
t
i
o
n
,
t
h
e
n
s
u
r
v
e
i
l
l
a
n
c
e
m
u
s
t
i
n
c
l
u
d
e
s
u
c
h
a
p
r
o
g
r
a
m
,
e
v
e
n
t
h
o
u
g
h
t
h
e
r
e
i
s
a
s
t
r
o
n
g
s
i
m
i
l
a
r
i
t
y
in
t
h
e
e
m
p
i
r
i
c
a
l
a
n
d
r
e
s
e
a
r
c
h
a
p
p
r
o
a
c
h
.
In
f
a
c
t
s
u
c
h
a
p
r
o
g
r
a
m
s
h
o
u
l
d
h
a
v
e
a
n
i
d
e
n
t
i
f
i
e
d
r
e
s
e
a
r
c
h
c
o
m
p
o
n
e
n
t
to
d
e
v
e
l
o
p
a
m
o
r
e
e
f
f
i
c
i
e
n
t
s
e
t
o
f
i
n
d
i
c
a
t
o
r
s
i
n
t
h
e
a
r
e
a
.
S
u
r
v
e
i
l
l
a
n
c
e
i
n
s
u
c
h
a
s
i
t
u
a
t
i
o
n
i
s
l
i
k
e
l
y
t
o
b
e
h
e
a
v
i
l
y
d
e
p
e
n
d
e
n
t
o
n
m
a
n
y
o
b
s
e
r
v
a
t
i
o
n
s
a
n
d
w
i
l
l
p
r
o
f
i
t
b
y
s
t
u
d
y
o
f
i
t
s
e
f
f
i
c
i
e
n
c
y
a
n
d
e
f
f
i
c
a
c
y
.
I
n
s
u
m
m
a
r
y
,
w
h
e
r
e
s
o
u
r
c
e
—
i
m
p
a
c
t
r
e
l
a
t
i
o
n
s
a
r
e
w
e
l
l
k
n
o
w
n
,
m
o
n
i
t
o
r
i
n
g
t
h
e
s
o
u
r
c
e
s
is
s
u
f
f
i
c
i
e
n
t
.
W
h
e
r
e
th
e
r
e
l
a
t
i
o
n
s
h
i
p
is
p
o
o
r
l
y
u
n
d
e
r
s
t
o
o
d
a
n
d
t
h
e
i
m
p
a
c
t
i
s
h
i
g
h
p
r
i
o
r
i
t
y
,
w
e
h
a
v
e
t
o
c
o
m
p
e
n
s
a
t
e
f
o
r
l
a
c
k
o
f
k
n
o
w
l
e
d
g
e
b
y
a
d
d
i
t
i
o
n
a
l
o
b
s
e
r
v
a
t
i
o
n
s
i
n
t
h
e
s
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
.
W
i
t
h
o
u
t
t
h
i
s
t
h
e
S
u
r
v
e
i
l
l
a
n
c
e
S
u
b
c
o
m
m
i
t
t
e
e
s
h
o
u
l
d
a
t
l
e
a
s
t
i
d
e
n
t
i
f
y
t
h
e
p
r
o
b
l
e
m
a
n
d
s
p
e
c
i
-
f
i
c
a
l
l
y
s
t
a
t
e
t
h
e
d
e
g
r
e
e
t
o
w
h
i
c
h
t
h
e
p
l
a
n
i
s
l
i
m
i
t
e
d
i
n
t
h
i
s
r
e
g
a
r
d
.
T
h
e
r
e
a
r
e
s
e
v
e
r
a
l
v
a
r
i
a
t
i
o
n
s
o
n
t
h
e
a
b
o
v
e
p
r
o
c
e
d
u
r
e
f
o
r
d
e
v
e
l
o
p
i
n
g
a
r
a
t
i
o
n
a
l
e
f
o
r
S
u
r
v
e
i
l
l
a
n
c
e
d
e
s
i
g
n
.
I
n
c
a
s
e
s
w
h
e
r
e
s
o
u
r
c
e
d
a
t
a
a
r
e
i
n
a
d
e
q
u
a
t
e
,
‘
b
u
t
t
h
e
m
o
d
e
l
r
e
l
a
t
i
n
g
t
h
e
s
o
u
r
c
e
to
i
m
p
a
c
t
is
k
n
o
w
n
,
it
m
a
y
b
e
m
o
r
e
e
f
f
i
c
i
e
n
t
 
  
to
mo
ni
to
r
th
e
im
pa
ct
an
d
in
fe
r
th
e
so
ur
ce
ch
ar
ac
te
ri
st
ic
s.
An
ex
am
pl
e
of
th
is
si
tu
at
io
n
is
in
th
e
Ju
ly
19
75
Wa
te
r
Qu
al
it
y
Bo
ar
d
Re
po
rt
.
He
re
th
e
su
rv
ey
of
ch
lo
ri
de
in
La
ke
Er
ie
al
on
g
wi
th
ro
ut
in
e
me
as
ur
em
en
ts
of
in
fl
ow
an
d
ou
tf
lo
w
vo
lu
me
s,
bu
t
no
t a
co
mp
le
te
se
t
of
ch
lo
ri
de
co
nc
en
tr
at
io
ns
,
ma
de
it
po
ss
ib
le
to
in
fe
r
av
er
ag
e
ch
lo
ri
de
lo
ad
in
gs
an
d
ex
pl
ai
n
tr
en
ds
in
la
ke
co
nc
en
tr
at
io
ns
.
Wh
er
e
th
e
ma
te
ri
al
is
co
ns
er
va
ti
ve
an
d/
or
so
ur
ce
s
ar
e
di
ff
us
e,
an
d
he
nc
e
co
st
ly
to
mo
ni
to
r
ac
cu
ra
te
ly
,
th
is
ap
pr
oa
ch
ma
y
be
the most efficient.
Fo
r
ea
ch
te
ch
ni
ca
l
is
su
e
to
be
ad
dr
es
se
d,
th
er
e
ar
e
se
ve
ra
l
im
pa
ct
s
th
at
co
ul
d
be
mo
ni
to
re
d.
Eu
tr
op
hi
ca
ti
on
,
an
is
su
e
wi
th
ma
ny
as
pe
ct
s,
ca
n
be
ex
pr
es
se
d
in
te
rm
s
of
to
ta
l
bi
om
as
s,
ch
lo
ro
ph
yl
l
a
co
nc
en
tr
at
io
ns
,
sp
ec
ie
s
co
mp
os
it
io
n
in
ph
yt
op
la
nk
to
n,
sp
ec
ie
s
pr
es
en
t
in
th
e
mi
cr
ob
io
lo
gi
ca
l
co
mm
un
it
y,
Pa
rt
ic
ul
at
e
Or
ga
ni
c
Ca
rb
on
—
Pa
rt
ic
ul
at
e
Or
ga
ni
c
Ni
tr
og
en
,
ox
yg
en
de
pl
et
io
n,
op
ti
ca
l
pr
op
er
ti
es
su
ch
as
ch
an
ge
in
se
cc
hi
di
sc
re
ad
in
gs
,
nu
tr
ie
nt
le
ve
ls
,
nu
tr
ie
nt
de
pl
et
io
n,
to
ta
l
di
ss
ol
ve
d
so
li
ds
,
CZ
ad
op
ho
ra
,
et
c.
Wh
il
e
it
ma
y
be
ne
ce
ss
ar
y
to
mo
ni
to
r
mo
re
th
an
on
e
of
th
es
e
to
ch
ar
ac
te
ri
ze
th
e
ch
an
ge
s
ad
eq
ua
te
ly
,
no
t
al
l
ar
e
re
qu
ir
ed
in
a
su
rv
ei
ll
an
ce
pr
og
ra
m.
Th
e
al
te
rn
at
iv
es
he
re
ha
ve
to
be
ex
am
in
ed
ca
re
fu
ll
y
wi
th
in
th
e
co
nt
ex
t
of
ea
ch
la
ke
,
an
d
fo
r
th
e
la
ke
s
as
a
se
ri
es
in
th
e
Gr
ea
t
La
ke
s
Sy
st
em
.
St
at
is
ti
ca
l
Va
li
di
ty
an
d
In
de
xi
ng
Th
er
e
ar
e
ma
ny
at
te
mp
ts
in
th
e
pr
og
ra
m
to
ob
ta
in
va
li
d
es
ti
ma
te
s
of
th
e
to
ta
l
am
ou
nt
s
of
ma
te
ri
al
s,
wh
et
he
r
it
be
th
e
co
nt
en
t
of
a
la
ke
or
th
e
to
ta
l
we
ig
ht
of
a
co
nt
am
in
an
t
lo
ad
in
g.
Th
e
ad
eq
ua
cy
of
sp
at
ia
l
or
te
mp
or
al
sa
mp
li
ng
is
a
su
bj
ec
t
of
co
nt
in
ua
l
de
ba
te
an
d
st
at
is
ti
ca
l
ar
gu
me
nt
s
ar
e
fr
eq
ue
nt
ly
dr
aw
n
in
to
th
e
di
sc
us
si
on
s.
De
pe
nd
in
g
up
on
th
e
pr
ec
is
io
n
an
d
ac
cu
ra
cy
de
si
re
d,
th
e
ti
me
ov
er
wh
ic
h
an
es
ti
ma
te
is
re
qu
ir
ed
(t
he
in
te
gr
at
in
g
pe
ri
od
)
an
d
th
e
va
ri
ab
il
it
y
of
th
e
ma
te
ri
al
co
nc
en
tr
at
io
n,
th
e
sa
mp
li
ng
pr
og
ra
m
wi
ll
be
mo
re
or
le
ss
in
te
ns
e.
We
ar
e
fa
ci
ng
ma
ny
se
ri
ou
s
pr
ob
le
ms
in
de
fi
ni
ng
pr
ac
ti
ca
l
sa
mp
li
ng
in
te
ns
it
ie
s
fo
r
th
es
e
in
te
gr
al
ne
ed
s
an
d
we
sh
al
l
ha
ve
to
co
mp
ro
mi
se
on
th
e
pe
ri
od
s
ov
er
wh
ic
h
ou
r
da
ta
ar
e
to
be
co
ns
id
er
ed
as
ad
eq
ua
te
es
ti
ma
te
s.
Th
e
al
te
rn
at
iv
e
ap
pr
oa
ch
to
a
fu
ll
sy
st
ea
m
of
me
as
ur
em
en
ts
is
th
e
mo
re
co
mm
on
"i
nd
ex
in
g"
me
th
od
ol
og
y
in
wh
ic
h
a
se
ri
es
of
ob
se
rv
at
io
ns
ar
e
ma
de
re
pr
es
en
ti
ng
th
e
ch
an
ge
s
in
th
e
sy
st
em
wi
th
ou
t
me
as
ur
in
g
th
e
wh
ol
e.
Th
is
ap
pr
oa
ch
ma
y
co
ns
is
t
of
us
in
g
an
in
de
xi
ng
pa
ra
me
te
r
su
ch
as
ch
lo
ro
ph
yl
l
a
fo
r
bi
om
as
s
or
us
in
g
on
e
lo
ca
ti
on
as
re
pr
es
en
ta
ti
ve
of
a
mu
ch
la
rg
er
ar
ea
(e
.g
.
Da
vi
s'
ch
ar
ac
te
ri
za
ti
on
of
La
ke
Er
ie
bi
om
as
s
fr
om
sa
mp
le
s
co
ll
eC
te
d
at
th
e
Cl
ev
el
an
d
wa
te
rw
or
ks
ov
er
ma
ny
ye
ar
s)
.
If
th
er
e
is
co
nf
id
en
ce
in
th
is
la
tt
er
ty
pe
of
ap
pr
oa
ch
it
ca
n
be
mo
st
ef
fi
ci
en
t.
Al
th
ou
gh
co
nf
id
en
ce
ca
n
us
ua
ll
y
be
ge
ne
ra
te
d
on
ly
by
de
mo
ns
tr
at
io
n
af
te
r
th
e
fa
ct
,
pa
rt
ic
ul
ar
ly
be
ca
us
e
re
pr
es
en
ta
ti
ve
ne
ss
ca
nn
ot
be
te
st
ed
in
th
e
sh
or
t
te
rm
,
we
ma
y
in
it
ia
ll
y
ne
ed
ex
te
ns
iv
e
an
ci
ll
ar
y
da
ta
co
ll
ec
ti
on
.
Of
co
ur
se
th
e
in
de
x
me
th
od
ol
og
y
do
es
no
t
ne
ce
ss
ar
il
y
qu
an
ti
fy
an
y
ab
so
lu
te
me
as
ur
e
su
ch
as
la
ke
vo
lu
me
av
er
ag
es
.
It
sh
ou
ld
si
mp
ly
in
di
ca
te
wh
et
he
r
th
in
gs
ar
e
ge
tt
in
g
be
tt
er
or
wo
rs
e
an
d
re
pr
es
en
t
a
si
gn
if
ic
an
t
po
rt
io
n
of
th
e
bo
dy
of
wa
te
r,
rat
her
tha
n
a s
mal
l
are
a,
unl
ess
des
ign
ed
tha
t
way
.
18
 Pa
ra
me
te
rs
wh
ic
h
re
pr
es
en
t
th
e
pr
ob
le
m
di
re
ct
ly
co
ul
d
be
ch
os
en
fo
r
th
e
sur
vei
lla
nce
pro
gra
m.
The
fre
que
ncy
or
amo
unt
of
alu
m u
sed
in
a w
ate
r t
rea
t-
me
nt
pl
an
t,
ch
lo
ri
ne
us
ag
e
or
th
e
fr
eq
ue
nc
y
of
fi
lt
er
ba
ck
wa
sh
in
g,
al
l
of
wh
ic
h
re
la
te
to
th
e
im
pa
ct
of
re
me
di
al
pr
og
ra
ms
to
im
pr
ov
e
th
e
qu
al
it
y
of
wa
te
r
av
ai
la
bl
e
to
th
e
wa
te
r
tr
ea
tm
en
t
pl
an
t,
co
ul
d
be
us
ef
ul
su
rv
ei
ll
an
ce
da
ta
in
so
me
in
st
an
ce
s.
Ho
we
ve
r
th
es
e
ar
e
no
t
no
w
in
cl
ud
ed
in
th
e
Su
rv
ei
ll
an
ce
Plan.
Types of Monitoring
Be
ca
us
e
"m
on
it
or
in
g
an
d
su
rv
ei
ll
an
ce
"
ha
ve
a
va
ri
et
y
of
de
fi
ni
ti
on
s,
va
ri
ou
s
ty
pe
s
sh
ou
ld
be
de
si
gn
at
ed
an
d
id
en
ti
fi
ed
wi
th
ac
ti
vi
ti
es
no
te
d
ab
ov
e.
Ac
co
rd
in
g
to
th
e
Na
ti
on
al
Ac
ad
em
y
of
Sc
ie
nc
es
re
po
rt
Pr
in
ci
pl
es
fo
r
Ev
al
ua
ti
ng
Ch
em
ic
al
s
in
th
e
En
vi
ro
nm
en
t,
fo
ur
ty
pe
s
ca
n
be
de
fi
ne
d.
1.
Re
co
na
is
sa
nc
e
mo
ni
to
ri
ng
in
vo
lv
es
pe
ri
od
ic
ob
se
rv
at
io
ns
to
es
ta
bl
is
h
tr
en
ds
ov
er
ti
me
.
It
ca
n
al
so
be
us
ed
fo
r
de
te
rm
in
in
g
vi
ol
at
io
ns
of
w
a
t
e
r
q
u
a
l
i
t
y
s
t
a
n
d
a
r
d
s
.
2.
Su
rv
ei
ll
an
ce
mo
ni
to
ri
ng
re
la
te
s
to
en
fo
rc
em
en
t
in
am
bi
en
t
wa
te
rs
.
Vi
ol
at
io
n
of
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
ha
s
a
di
re
ct
re
la
ti
on
to
as
se
ss
me
nt
of
th
e
lo
ca
l
ef
fe
ct
of
re
gu
la
ti
on
s.
3.
Su
bj
ec
ti
ve
mo
ni
to
ri
ng
is
sp
ot
ch
ec
ki
ng
fo
r
pr
ob
le
ms
.
A
ty
pe
of
de
te
ct
iv
e
jo
b,
th
is
ac
ti
vi
ty
ap
pe
ar
s
in
th
e
19
75
Pl
an
as
pe
ri
od
ic
in
te
ns
iv
e
sa
mp
li
ng
or
as
se
ss
me
nt
,
th
ou
gh
us
ua
ll
y
in
a
wh
ol
e
la
ke
sy
st
em
co
nt
ex
t
r
a
t
h
e
r
t
h
a
n
o
n
a
p
r
o
b
l
e
m
or
i
s
s
u
e
b
a
s
i
s
.
4.
O
b
j
e
c
t
i
v
e
m
o
n
i
t
o
r
i
n
g
is
us
ed
fo
r
d
e
ve
l
o
p
i
n
g
an
d
c
o
n
f
i
r
m
i
n
g
q
ua
n
t
i
t
a
t
i
ve
m
o
d
e
l
s
an
d
a
s
s
i
s
t
i
n
g
w
i
t
h
s
ys
t
e
m
si
mu
la
ti
on
.
U
n
f
o
r
t
un
a
t
e
l
y,
th
is
is
n
o
t
g
e
n
e
r
a
l
l
y
a
c
c
e
p
t
e
d
as
a
pa
rt
of
mo
ni
to
ri
ng
.
B
o
un
d
up
in
th
is
ar
e
th
e
d
i
s
c
us
s
i
o
n
s
on
r
e
s
e
a
r
c
h
ve
r
s
us
su
rv
ei
ll
an
ce
.
W
i
t
h
i
n
th
e
IJ
C,
a
cl
os
e
l
i
n
k
b
e
t
w
e
e
n
S
ur
ve
i
l
l
a
n
c
e
S
ub
c
o
m
m
i
t
t
e
e
s
p
e
c
i
f
i
c
a
t
i
o
n
s
of
r
e
s
e
a
r
c
h
n
e
e
d
s
a
n
d
th
e
R
e
s
e
a
r
c
h
A
d
v
i
s
o
r
y
B
o
a
r
d
'
s
i
d
e
n
t
i
f
i
c
a
t
i
o
n
of
p
r
o
g
r
a
m
s
in
w
h
i
c
h
r
e
s
e
a
r
c
h
is
v
i
a
b
l
e
a
n
d
t
h
e
i
r
s
u
b
s
e
q
u
e
n
t
i
n
v
i
t
a
t
i
o
n
of
r
e
s
e
a
r
c
h
s
t
u
d
i
e
s
s
h
o
u
l
d
o
v
e
r
c
o
m
e
t
h
i
s
d
e
f
i
c
i
e
n
c
y
in
o
l
d
e
r
m
o
n
i
t
o
r
i
n
g
programs.
Summary
A
r
e
v
i
e
w
o
f
t
h
e
1
9
7
5
P
l
a
n
f
o
r
s
u
r
v
e
i
l
l
a
n
c
e
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
h
a
s
b
e
e
n
P
r
e
p
a
r
e
d
t
o
e
x
p
l
a
i
n
i
t
s
s
c
o
p
e
a
n
d
t
o
i
d
e
n
t
i
f
y
d
e
f
i
c
i
e
n
c
i
e
s
.
O
n
e
m
a
j
o
r
d
i
f
f
i
c
u
l
t
y
h
a
s
b
e
e
n
t
h
e
p
l
a
n
n
i
n
g
of
r
e
s
o
u
r
c
e
s
n
e
e
d
e
d
to
r
e
v
i
e
w
i
n
t
e
r
p
r
e
t
a
t
i
o
n
s
o
f
c
h
a
n
g
e
s
o
b
s
e
r
v
e
d
a
n
d
t
h
e
i
n
c
o
r
p
o
r
a
t
i
o
n
o
f
a
d
d
i
t
i
o
n
a
l
s
a
m
p
l
i
n
g
a
s
r
e
q
u
i
r
e
d
by
ne
w
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
.
A
n
y
s
u
r
v
e
i
l
l
a
n
c
e
p
l
a
n
d
r
a
w
s
h
e
a
v
i
l
y
u
p
o
n
o
u
r
q
u
a
n
t
i
t
a
t
i
v
e
u
n
d
e
r
s
t
a
n
d
i
n
g
of
th
e
i
m
p
a
c
t
of
v
a
r
i
o
u
s
c
ul
t
ur
a
l
lo
a
d
i
n
g
s
to
th
e
la
ke
sy
st
em
.
Fo
r
c
e
r
t
a
i
n
h
i
g
h
p
r
i
o
r
i
t
y
i
s
s
u
e
s
,
a
m
o
r
e
i
n
t
e
n
s
i
v
e
o
b
s
e
r
v
a
t
i
o
n
p
r
o
g
r
a
m
m
a
y
b
e
r
e
q
u
i
r
e
d
to
c
o
m
p
e
n
s
a
t
e
fo
r
i
n
a
d
e
q
ua
t
e
q
ua
n
t
i
t
a
t
i
ve
k
n
o
wl
e
d
g
e
of
p
o
t
e
n
t
i
a
l
im
pa
ct
.
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Coo
rdi
nat
ion
of
the
dat
a c
oll
ect
ion
and
dat
a
int
erp
ret
ati
on
uni
ts
of
a s
urv
eil
lan
ce
pla
n w
ith
in
a s
ing
le
age
ncy
is
hig
hly
des
ira
ble
pro
vid
ed
the
gen
era
l p
rin
cip
les
of
sur
vei
lla
nce
are
agr
eed
upo
n
and
the
pro
gra
m d
esi
gn
is
integrated.
The
Sur
vei
lla
nce
Sub
com
mit
tee
mus
t p
lac
e g
rea
ter
emp
has
is
on
the
dev
elo
pme
nt
of
a r
ati
ona
le
for
the
pla
n a
rou
nd
iss
ues
rat
her
tha
n a
rou
nd
exi
sti
ng
age
ncy
pla
ns
or
ope
rat
ion
al
con
str
ain
ts.
Inc
lud
ed
in
the
rat
ion
ale
wou
ld
be
con
sid
era
tio
ns
of
the
pri
ori
ty
of
a g
ive
n i
ssu
e o
r p
ara
met
er,
kno
wle
dge
of
the
imp
act
of
mat
eri
als
tha
t h
ave
bee
nor
cou
ld
be
sub
jec
t
to
sig
nif
ica
nt
rem
edi
al
act
ion
,
and
kno
wle
dge
of
the
var
iab
ili
ty
and
lik
ely
tre
nd
of
tha
t p
ara
met
er
und
er
a n
atu
ral
or
man
-ma
de
imp
act
.
Whi
le
sta
tis
tic
al
app
roa
che
s t
o d
esi
gn
sho
uld
be
app
lie
d t
o s
ome
cri
tic
al
com
pon
ent
s o
f t
he
pro
gra
m,
an
ind
ex
can
be
dev
elo
ped
for
man
y
components for reasons of economy.
Des
ign
com
pon
ent
s s
hou
ld
hav
e t
hei
r p
lan
ned
use
cle
arl
y d
efi
ned
in
ter
ms
of
rec
onn
ais
san
ce,
sur
vei
lla
nce
,
sub
jec
tiv
e o
r o
bje
cti
ve
mon
ito
rin
g s
o t
hat
the
re
is
min
ima
l c
onf
usi
on
in
the
ide
nti
ty
and
pur
pos
e o
f t
he
pla
n.
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Th
er
e
ar
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o
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at
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c
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,
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,
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r
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 P
o
i
n
t
S
o
u
r
c
e
s
—
T
r
i
b
u
t
a
r
i
e
s
a
n
d
h
a
r
b
o
r
s
s
e
r
v
e
a
s
i
n
t
e
g
r
a
t
o
r
s
f
o
r
p
o
l
l
u
t
a
n
t
s
a
n
d
a
s
s
e
t
t
l
i
n
g
b
a
s
i
n
s
o
r
t
r
a
p
s
f
o
r
s
u
s
p
e
n
d
e
d
m
a
t
e
r
i
a
l
s
.
I
n
f
a
c
t
,
m
o
s
t
o
f
t
h
e
m
a
j
o
r
t
r
i
b
u
t
a
r
i
e
s
h
a
v
e
h
a
r
b
o
r
s
a
t
t
h
e
i
r
m
o
u
t
h
s
w
h
i
c
h
c
o
n
t
a
i
n
m
a
n
y
s
e
w
a
g
e
a
n
d
i
n
d
u
s
t
r
i
a
l
o
u
t
f
a
l
l
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
r
e
a
r
e
o
u
t
f
a
l
l
s
i
n
n
e
a
r
s
h
o
r
e
a
r
e
a
s
w
h
i
c
h
c
a
n
e
x
e
r
t
a
s
i
g
n
i
f
i
c
a
n
t
i
m
p
a
c
t
o
n
l
o
c
a
l
c
o
n
d
i
t
i
o
n
s
.
D
i
f
f
u
s
e
S
o
u
r
c
e
s
—
I
n
f
o
r
m
a
t
i
o
n
i
s
l
a
c
k
i
n
g
o
n
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
t
h
e
s
e
s
o
u
r
c
e
s
,
p
a
r
t
i
c
u
l
a
r
l
y
f
r
o
m
s
u
r
f
a
c
e
r
u
n
o
f
f
a
n
d
g
r
o
u
n
d
w
a
t
e
r
d
i
s
c
h
a
r
g
e
.
I
f
l
a
k
e
s
e
d
i
m
e
n
t
s
a
r
e
i
n
c
l
u
d
e
d
a
s
a
d
i
f
f
u
s
e
s
o
u
r
c
e
,
t
h
e
n
t
h
e
p
o
t
e
n
t
i
a
l
f
o
r
t
h
e
s
e
s
o
u
r
c
e
s
t
o
g
r
e
a
t
l
y
a
f
f
e
c
t
o
v
e
r
a
l
l
w
a
t
e
r
q
u
a
l
i
t
y
i
s
i
m
m
e
n
s
e
,
e
s
p
e
c
i
a
l
l
y
i
n
v
i
e
w
o
f
m
a
t
—
e
r
i
a
l
s
r
e
l
e
a
s
e
d
f
r
o
m
t
h
e
s
e
d
i
m
e
n
t
s
u
n
d
e
r
a
n
o
x
i
a
a
s
h
a
s
o
c
c
u
r
r
e
d
i
n
L
a
k
e
Erie.
A
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
o
f
n
u
t
r
i
e
n
t
s
,
h
e
a
v
y
m
e
t
a
l
s
,
p
e
s
t
i
c
i
d
e
s
,
a
n
d
o
t
h
e
r
t
o
x
i
c
m
a
t
e
r
i
a
l
s
c
a
r
r
i
e
d
i
n
d
r
y
f
a
l
l
o
u
t
a
n
d
r
a
i
n
f
a
l
l
,
m
a
y
e
q
u
a
l
o
r
e
x
c
e
e
d
t
h
o
s
e
f
r
o
m
p
o
i
n
t
s
o
u
r
c
e
s
.
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
t
h
e
L
a
k
e
s
P
e
r
t
i
n
e
n
t
t
o
M
o
n
i
t
o
r
i
n
g
T
h
e
s
i
z
e
o
f
a
l
a
k
e
r
e
l
a
t
i
v
e
t
o
i
t
s
d
r
a
i
n
a
g
e
b
a
s
i
n
i
s
i
m
p
o
r
t
a
n
t
.
U
n
l
i
k
e
s
m
a
l
l
l
a
k
e
s
w
h
i
c
h
m
a
y
o
c
c
u
p
y
1
0
p
e
r
c
e
n
t
o
f
t
h
e
i
r
d
r
a
i
n
a
g
e
a
r
e
a
,
t
h
e
G
r
e
a
t
L
a
k
e
s
c
o
v
e
r
a
b
o
u
t
3
0
p
e
r
c
e
n
t
o
f
t
h
e
i
r
d
r
a
i
n
a
g
e
b
a
s
i
n
s
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
,
d
i
r
e
c
t
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
a
r
e
v
e
r
y
i
m
p
o
r
t
a
n
t
t
o
t
h
e
q
u
a
l
i
t
y
o
f
t
h
e
i
r
w
a
t
e
r
s
.
T
h
e
l
a
k
e
s
a
r
e
e
s
s
e
n
t
i
a
l
l
y
m
o
n
o
m
i
c
t
i
c
o
r
d
i
m
i
c
t
i
c
d
e
p
e
n
d
i
n
g
o
n
t
h
e
e
x
t
e
n
t
o
f
i
c
e
c
o
v
e
r
.
S
t
r
a
t
i
f
i
c
a
t
i
o
n
i
s
r
e
l
a
t
i
v
e
l
y
s
h
o
r
t
,
l
a
s
t
i
n
g
f
r
o
m
l
a
t
e
J
u
n
e
t
o
S
e
p
t
e
m
b
e
r
a
n
d
i
t
i
n
f
l
u
e
n
c
e
s
t
h
e
v
e
r
t
i
c
a
l
d
i
s
t
r
i
b
u
t
i
o
n
o
f
s
o
m
e
c
h
e
m
i
c
a
l
s
a
n
d
t
h
e
b
i
o
t
a
.
M
i
x
i
n
g
e
x
t
e
n
d
s
t
o
t
h
e
b
o
t
t
o
m
i
n
s
h
a
l
l
o
w
a
r
e
a
s
m
o
s
t
o
f
t
h
e
y
e
a
r
.
S
o
m
e
t
h
e
r
m
a
l
d
i
s
c
o
n
t
i
n
u
i
t
y
e
x
i
s
t
s
i
n
t
o
e
a
r
l
y
D
e
c
e
m
b
e
r
i
n
d
e
e
p
w
a
t
e
r
s
,
b
u
t
t
h
e
r
e
i
s
n
o
e
v
i
d
e
n
c
e
t
h
a
t
i
t
i
s
o
f
g
r
e
a
t
i
m
p
o
r
t
a
n
c
e
t
o
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
o
f
c
h
e
m
i
c
a
l
s
a
n
d
b
i
o
t
a
.
A
l
o
n
g
—
s
h
o
r
e
c
u
r
r
e
n
t
s
t
e
n
d
t
o
k
e
e
p
p
o
i
n
t
s
o
u
r
c
e
i
n
p
u
t
s
n
e
a
r
s
h
o
r
e
,
w
h
i
l
e
t
h
e
t
h
e
r
m
a
l
b
a
r
m
a
y
l
i
m
i
t
m
i
x
i
n
g
o
f
n
e
a
r
s
h
o
r
e
a
n
d
o
f
f
s
h
o
r
e
w
a
t
e
r
s
i
n
t
h
e
s
p
r
i
n
g
.
B
e
c
a
u
s
e
c
o
n
d
i
t
i
o
n
s
c
a
n
c
h
a
n
g
e
r
a
p
i
d
l
y
i
n
a
s
h
o
r
t
t
i
m
e
,
t
h
e
i
m
p
o
r
t
-
a
n
c
e
o
f
u
p
w
e
l
l
i
n
g
m
u
s
t
a
l
s
o
b
e
c
o
n
s
i
d
e
r
e
d
i
n
t
h
e
n
e
a
r
s
h
o
r
e
e
n
v
i
r
o
n
m
e
n
t
.
T
h
e
o
p
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p
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b
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r
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r
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b
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i
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i
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r
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p
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c
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b
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c
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b
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r
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r
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i
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i
n
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w
e
l
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e
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i
n
e
d
e
n
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i
t
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r
o
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o
t
e
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p
r
i
m
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r
i
l
y
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h
e
s
t
r
o
n
g
a
l
o
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e
c
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r
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u
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o
u
s
t
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a
t
t
h
e
p
r
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o
u
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c
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i
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o
r
e
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o
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h
o
r
e
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i
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e
r
e
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c
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c
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c
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e
m
e
t
r
o
p
o
l
i
t
a
n
a
r
e
a
s
a
n
d
m
a
j
o
r
tributaries.
22
   
   
The offshore waters have the lowest concentrations of contaminants
and require very large inputs of these materials to cause deterioration in
quality. Because of the very low levels of pollutants actually present in
the soluble phase it is essential to measure contaminants in fish and other
aquatic organisms in open lake monitoring. Such organisms are integrators
and because of their ability to concentrate material either directly or
through the "food web", analyses of tissues may provide the best approach
for detecting water quality problems.
The nearshore waters have great importance since these waters are used
for recreation and water supplies, as well as nursery and spawning areas for
many fish. Yet, despite their significance, few studies have been made of
nearshore areas in the past. The nearshore is difficult to monitor since,
in addition to containing higher concentrations of contaminants, the waters
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pr
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at
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b
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e
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p
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c
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b
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c
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c
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b
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c
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This section contains reports of discussions in the work groups.
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Sp
ec
ia
li
st
s
in
ra
di
oe
co
lo
gi
ca
l
pr
ob
le
ms
an
d
fi
sh
co
nt
am
in
an
ts
le
d
di
sc
us
si
on
s
in
th
es
e
ar
ea
s.
On
—g
oi
ng
su
rv
ei
ll
an
ce
pa
ra
me
te
rs
pr
ed
om
in
at
ed
du
ri
ng
ou
r
se
ss
io
n;
ho
we
ve
r,
so
me
ne
w
pa
ra
me
te
rs
we
re
su
gg
es
te
d
an
d
wi
ll
be
sp
ec
if
ic
al
ly
ou
tl
in
ed
in
th
e
fo
ll
ow
in
g
pa
ge
s.
Wh
il
e
th
e
ra
ti
on
al
e
an
d
be
ne
fi
ts
,
as
we
ll
as
th
e
pr
io
ri
ti
es
of
su
rv
ei
ll
an
ce
pr
og
ra
ms
we
re
di
sc
us
se
d,
li
tt
le
at
te
nt
io
n
wa
s
gi
ve
n
to
th
e
co
st
an
d
im
pl
em
en
ta
ti
on
of
th
es
e
pr
og
ra
ms
.
Th
is
pr
ob
le
m
wa
s
es
se
nt
ia
ll
y
le
ft
to
th
e
re
sp
on
si
bl
e
ag
en
ci
es
.
’ 0
Re
su
me
of
Su
rv
ei
ll
an
ce
Pa
ra
me
te
rs
Fo
r
an
ov
er
vi
ew
of
th
e
im
po
rt
an
ce
pl
ac
ed
on
va
ri
ou
s
su
rv
ei
ll
an
ce
cr
it
er
ia
,
an
ou
tl
in
e
of
su
gg
es
te
d
ap
pl
ic
at
io
n
an
d
fr
eq
ue
nc
y
is
us
ef
ul
(T
ab
le
1)
.
Pa
ra
me
te
rs
fo
r
ro
ut
in
e
su
rv
ei
ll
an
ce
,
us
ua
ll
y
ye
ar
ly
or
ev
en
mo
nt
hl
y
sa
mp
li
ng
,
an
d
de
ta
il
ed
as
se
ss
me
nt
of
ch
an
ge
s,
in
cl
ud
in
g
th
os
e
re
la
te
d
to
re
me
di
al
ac
ti
on
(a
t
le
as
t
on
ce
ev
er
y
fo
ur
ye
ar
s)
we
re
di
sc
us
se
d.
Ge
ne
ra
ll
y,
ro
ut
in
e
me
as
ur
em
en
t
of
ch
em
ic
al
—p
hy
Si
ca
l
pa
ra
me
te
rs
wa
s
co
ns
id
er
ed
fo
r
su
rv
ei
ll
an
ce
,
wh
er
ea
s
as
se
ss
—
me
nt
re
qu
ir
es
sp
ec
if
ic
me
as
ur
es
of
bi
ol
og
ic
al
pa
ra
me
te
rs
,
in
cl
ud
in
g
in
mo
st
ca
se
s,
st
an
di
ng
cr
op
s
of
pl
an
kt
on
an
d
be
nt
ho
s.
Material Loadings
F
r
o
m
t
h
e
d
e
t
a
i
l
e
d
p
r
o
g
r
a
m
f
o
r
t
r
i
b
u
t
a
r
y
m
a
t
e
r
i
a
l
l
o
a
d
i
n
g
s
to
L
a
k
e
O
n
t
a
r
i
o
w
h
i
c
h
h
a
d
b
e
e
n
g
i
ve
n
p
r
e
v
i
o
u
s
l
y
to
pa
rt
ic
ip
an
ts
,
fo
ur
qu
es
ti
on
s
w
e
r
e
ra
is
ed
:
1.
W
h
a
t
r
e
s
e
a
r
c
h
m
u
s
t
b
e
u
n
d
e
r
t
a
k
e
n
t
o
e
v
a
l
u
a
t
e
t
h
e
u
s
e
f
u
l
n
e
s
s
o
f
m
e
a
s
u
r
i
n
g
p
h
o
s
p
h
o
r
u
s
l
o
a
d
i
n
g
i
n
c
l
u
d
i
n
g
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
a
n
d
r
e
a
c
t
i
v
e
p
h
o
s
p
h
a
t
e
?
I
t
i
s
v
i
t
a
l
t
h
a
t
t
h
i
s
q
u
e
s
t
i
o
n
b
e
a
n
s
w
e
r
e
d
,
f
o
r
d
a
t
a
o
n
t
h
i
s
m
u
s
t
b
e
u
s
e
d
i
n
a
n
y
a
n
a
l
y
s
i
s
o
f
a
b
a
t
e
m
e
n
t
pr
og
ra
ms
fo
r
al
l
th
e
la
ke
s.
 TABLE 1
R
E
S
U
M
E
O
F
S
U
R
V
E
I
L
L
A
N
C
E
P
A
R
A
M
E
T
E
R
S
AREA OF USE AND FREQUENCY
A
R
E
A
O
F
U
T
I
L
I
Z
A
T
I
O
N
  
S
A
M
P
L
I
N
G
O
P
E
N
W
A
T
E
R
S
U
M
S
O
F
P
A
R
A
M
E
T
E
R
F
R
E
Q
U
E
N
C
Y
N
E
A
R
S
H
O
R
E
W
A
T
E
R
S
I
N
T
A
K
E
S
L
O
A
D
I
N
G
R
O
W
S
N
u
t
r
i
e
n
t
s
,
p
l
a
n
t
y
e
a
r
l
y
x
x
x
X
4
T
o
x
i
c
a
n
t
s
,
w
a
t
e
r
y
e
a
r
l
y
X
x
X
X
4
F
i
s
h
c
o
n
t
a
m
i
n
a
n
t
s
y
e
a
r
l
y
x
x
2
B
O
D
,
C
O
D
y
e
a
r
l
y
x
l
B
e
n
t
h
o
s
f
o
u
r
t
h
y
e
a
r
X
x
x
3
P
h
y
t
o
p
l
a
n
k
t
o
n
f
o
u
r
t
h
y
e
a
r
X
x
x
3
Z
o
o
p
l
a
n
k
t
o
n
f
o
u
r
t
h
y
e
a
r
X
x
x
3
Bacteria:
c
o
l
i
f
o
r
m
f
i
v
e
/
m
o
n
t
h
x
x
x
3
h
e
t
e
r
o
t
r
o
p
h
i
c
f
o
u
r
t
h
y
e
a
r
X
x
X
3
C
h
l
o
r
o
p
h
y
l
l
y
e
a
r
l
y
X
x
x
3
D
i
s
s
o
l
v
e
d
O
x
y
g
e
n
y
e
a
r
l
y
X
x
x
3
C
l
a
d
o
p
h
o
r
a
y
e
a
r
l
y
x
1
T
h
e
r
m
a
l
y
e
a
r
l
y
X
l
R
a
d
i
o
a
c
t
i
v
i
t
y
y
e
a
r
l
y
X
x
x
x
4
C
h
l
o
r
i
d
e
y
e
a
r
l
y
x
x
x
X
4
T
O
T
A
L
,
c
o
l
u
m
n
s
1
4
1
2
l
l
5
30
 
Wha
t d
o m
eas
ure
men
ts
of
tot
al
pho
sph
oru
s p
rov
ide
dur
ing
per
iod
s o
f
pea
k l
oad
ing
?
How
muc
h o
f t
he
tot
al
pho
sph
oru
s m
eas
ure
d d
uri
ng
rou
tin
e
sur
vei
lla
nce
is
bio
log
iCa
lly
act
ive
,
tha
t
is
sol
ubl
e,
reactive phosphorus?
Wh
at
ne
w
me
th
od
s
ar
e
av
ai
la
bl
e
for
ca
lc
ul
at
in
g
ph
os
ph
or
us
lo
ad
in
g
ba
se
d
on
va
ri
at
io
ns
in
fl
ow
?
Wh
at
in
du
st
ri
al
so
ur
ce
s
ot
he
r
th
an
th
os
e
wi
th
di
sc
ha
rg
es
gr
ea
te
r
th
an
lm
gd
ph
os
ph
or
us
sh
ou
ld
be
me
aS
ur
ed
?
In
ad
di
ti
on
to
in
du
st
ri
al
di
sc
ha
rg
es
,
th
e
Ni
ag
ar
a
Ri
ve
r
an
d
th
e
We
ll
an
d
Ca
na
l
ar
e
of
pa
rt
ic
ul
ar
concern.
Th
e
pr
in
ci
pa
l
pa
ra
me
te
rs
st
re
ss
ed
fo
r
lo
ad
in
g
in
cl
ud
ed
:
a)
b)
c)
d)
ph
os
ph
or
us
(t
ot
al
an
d
re
ac
ti
ve
)
e)
fo
rm
s
of
N
(N
02
,
N0
3,
NH
u)
ch
lo
ri
de
(m
at
er
ia
ls
ba
la
nc
e)
f)
te
mp
er
at
ur
e
fl
ux
co
nd
uc
ti
vi
ty
g)
di
ss
ol
ve
d
re
ac
ti
ve
si
li
ca
su
sp
en
de
d
so
li
ds
h)
BO
D
Nearshore Waters
S
i
n
c
e
t
h
e
i
n
i
t
i
a
l
i
m
p
a
c
t
of
l
o
a
d
i
n
g
V
i
a
r
i
v
e
r
s
is
f
e
l
t
in
t
h
e
n
e
a
r
s
h
o
r
e
,
n
um
e
r
o
us
k
e
y
i
s
s
ue
w
e
r
e
ra
is
ed
fo
r
th
is
ar
ea
,
in
cl
ud
in
g:
1. P
u
b
l
i
c
h
e
a
l
t
h
c
r
i
t
e
r
i
a
.
In
th
e
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
,
c
0
u
n
t
s
of
c
o
l
i
f
o
r
m
b
a
c
t
e
r
i
a
p
r
o
v
i
d
e
a
k
e
y
m
e
a
s
u
r
e
of
w
a
t
e
r
q
u
a
l
i
t
y
.
T
o
x
i
c
a
n
t
s
,
e
s
p
e
c
i
a
l
l
y
t
h
o
s
e
s
u
c
h
a
s
P
C
B
S
f
o
u
n
d
i
n
f
i
s
h
,
ar
e
of
p
a
r
t
i
c
ul
a
r
co
nc
er
n.
G
r
o
w
t
h
s
o
f
C
Z
a
d
o
p
h
o
r
a
m
a
y
p
r
o
v
i
d
e
t
h
e
m
o
s
t
u
s
e
f
u
l
i
n
d
i
c
a
t
i
o
n
o
f
p
e
r
t
u
r
b
a
t
i
o
n
f
r
o
m
l
o
a
d
i
n
g
s
o
f
N
a
n
d
P.
E
s
t
i
m
a
t
e
s
of
p
l
a
n
t
n
u
t
r
i
e
n
t
s
s
h
o
u
l
d
b
e
e
m
p
h
a
s
i
z
e
d
in
n
e
a
r
s
h
o
r
e
waters.
T
h
e
r
m
a
l
p
r
o
b
l
e
m
s
d
e
s
e
r
v
e
g
r
e
a
t
e
r
a
t
t
e
n
t
i
o
n
.
N
o
t
e
w
a
s
m
a
d
e
o
f
i
m
p
o
r
t
a
n
t
n
e
a
r
s
h
o
r
e
p
r
o
b
l
e
m
s
i
n
t
h
e
B
a
y
o
f
Q
u
i
n
t
e
a
n
d
Hamilton Harbour.
H
o
w
e
v
e
r
,
t
h
e
r
e
w
a
s
l
i
t
t
l
e
i
n
t
e
r
e
s
t
i
n
t
h
e
p
r
o
b
l
e
m
o
f
defining inshore waters.
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 Open Waters
Co
mp
li
an
ce
su
rv
ey
s
fo
r
th
e
pa
ra
me
te
rs
in
Ta
bl
e
I
sh
ou
ld
be
ru
n
ea
ch
ye
ar
(8
cr
ui
se
s)
.
In
co
nt
ra
st
,
as
se
ss
me
nt
cr
ui
se
s
sh
ou
ld
be
co
nd
uc
te
d
ev
er
y
four years.
Ke
y
is
su
es
in
op
en
wa
te
rs
in
cl
ud
ed
:
1.
Tro
phi
c
sta
te
as
det
erm
ine
d
by
rou
tin
e m
eas
ure
men
ts
of
chl
oro
phy
ll
a,
esp
eci
all
y f
or
mon
ito
rin
g e
ffe
cts
of
pho
sph
ate
loa
din
g.
It
was
str
ong
ly
sug
ges
ted
tha
t
zoo
pla
nkt
on
ind
ica
tor
s
and
mea
sur
eme
nts
of
het
ero
tro
phi
c b
act
eri
al
act
ivi
ty
be
use
d
to
pro
vid
e a
mor
e i
mme
dia
te
index of trouble.
2.
Con
tam
ina
tio
n o
f f
ish
pop
ula
tio
ns
wit
h t
oxi
c s
ubs
tan
ces
is
a
critical problem.
3.
Oxy
gen
dep
let
ion
sho
uld
con
tin
ue
to
be
mon
ito
red
.
A d
eta
ile
d "
Ope
n L
ake
" p
rog
ram
was
sub
mit
ted
by
the
Can
ada
Cen
tre
for
Inl
and
Wat
ers
(CC
IW)
, a
nd
is
ava
ila
ble
fro
m t
he
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
's
Regional Office.
Water Intakes
Wat
er
int
ake
s
can
pro
vid
e
imp
ort
ant
bas
eli
ne
inf
orm
ati
on
at
a
low
er
cos
t
tha
n b
y
shi
p,
par
tic
ula
rly
if
the
mon
ito
rin
g
is
con
sta
nt.
New
Yor
k
Sta
te
is
cur
ren
tly
sam
pli
ng
the
fol
low
ing
par
ame
ter
s
at
Roc
hes
ter
and
Osw
ego
:
a)
col
ifo
rm
bac
ter
ia
e)
chl
ori
de
b)
pH
f)
tur
bid
ity
c)
alk
ali
nit
y
g)
ort
hop
hos
pha
te
d) DO h) N02, N03
i) phosphorus k) BOD
j) COD
Int
ake
sur
vei
lla
nce
sho
uld
inc
lud
e
con
tam
ina
nts
.
Mor
eov
er
New
Yor
k
State should monitor intakes to isolate the effects of thermal pollution.
Other potential parameters would be:
I. phytoplankton by major group,
2. radioactivity (isotopes common to power production)
3. chloro-organics
32
 
St
.
L
a
w
r
e
n
c
e
R
i
v
e
r
Majo
r wa
ter
qual
ity
prob
lems
incl
ude:
1) t
he h
igh
pote
ntia
l fo
r oi
l
spi
lls
in
thi
s a
rea
,
2)
flu
ori
de
dis
cha
rge
s,
3)
Cla
dop
hor
a,
and
4)
mer
cur
y i
n f
ish.
Imp
ort
ant
loc
ali
zed
pro
ble
ms
inc
lud
e m
erc
ury
pol
lut
ion
at
Cor
nwa
ll
and
flu
ori
de
atm
osp
her
ic
inp
uts
ass
oci
ate
d w
ith
Rey
nol
ds
Alu
min
um.
Par
tic
ula
r a
tte
nti
on
sho
uld
be
giv
en
to
the
fol
low
ing
par
a—
met
ers
, t
o b
e s
amp
led
mon
thl
y a
t t
he
hea
dwa
ter
s a
nd
bel
ow
maj
or
loa
din
gs:
a)
pho
sph
oru
s,
sol
ubl
e r
eac
tiv
e p
hos
pha
te
d)
flu
ori
de
b)
N02
, N
03,
T—N
e)
tox
ic
sub
sta
nce
s
(es
pec
ial
ly
mercury)
c)
r
e
a
c
t
i
ve
s
i
l
i
c
a
t
e
In
a
si
mi
la
r
fa
sh
io
n,
th
e
pa
rt
ic
ip
an
ts
dr
ew
at
te
nt
io
n
to
th
e
po
te
nt
ia
l
us
e
of
bi
ol
og
ic
al
in
di
ca
to
rs
,
in
cl
ud
in
g:
a)
zo
op
la
nk
to
n
in
de
x
sp
ec
ie
s
(r
at
io
Cl
ad
oc
er
a:
Ca
la
no
id
ae
)
b)
ph
yt
op
la
nk
to
n
in
di
ca
to
rs
(r
at
io
bl
ue
-g
re
en
sz
di
at
om
s)
c)
ba
ct
er
ia
l
co
un
ts
(c
ol
if
or
m)
an
d
ki
ne
ti
cs
(h
et
er
ot
ro
ph
s)
Be
ca
us
e
of
sp
ec
ia
l
pr
ob
le
ms
wi
th
sa
mp
li
ng
fo
r
fl
uo
ri
de
s,
it
wa
s
su
gg
es
te
d
th
at
al
l
av
ai
la
bl
e
CC
IW
da
ta
be
an
al
yz
ed
fo
r
va
ri
ab
il
it
y
(A
NO
VA
).
St
ud
ie
s
in
Su
pp
or
t
of
Su
rv
ei
ll
an
ce
l.
Th
e
de
ve
lo
pm
en
t
of
wa
te
r
qu
al
it
y
mo
de
ls
sh
ou
ld
be
en
co
ur
ag
ed
wi
th
su
rv
ei
ll
an
ce
da
ta
be
in
g
us
ed
to
va
li
da
te
mo
de
l
si
mu
la
ti
on
s
be
fo
re
at
te
mp
ti
ng
to
de
ve
lo
p
ma
na
ge
me
nt
fe
ed
ba
ck
.
Th
e
us
e
of
th
es
e
va
li
da
te
d
mo
de
ls
to
es
ti
ma
te
re
qu
ir
ed
pr
ec
is
io
n
fo
r
sa
mp
li
ng
lo
ad
in
g
pa
ra
me
te
rs
sh
ou
ld
be
de
te
rm
in
ed
.
2.
Th
e
us
e
of
re
mo
te
se
ns
in
g
sh
ou
ld
be
pr
om
ot
ed
es
pe
ci
al
ly
wh
er
e
o
p
t
i
c
a
l
p
r
o
b
l
e
m
s
ex
is
t
(s
us
pe
nd
ed
so
li
ds
).
3.
S
u
p
p
o
r
t
s
h
o
u
l
d
b
e
g
i
v
e
n
to
t
h
e
d
e
v
e
l
o
p
m
e
n
t
of
b
i
o
l
o
g
i
c
a
l
i
n
d
i
c
a
t
o
r
s
f
o
r
e
u
t
r
o
p
h
i
c
a
t
i
o
n
s
u
c
h
as
b
l
u
e
g
r
e
e
n
z
d
i
a
t
o
m
r
a
t
i
o
s
;
a
n
d
z
o
o
p
l
a
n
k
t
o
n
indices.
4.
T
h
e
f
r
e
q
u
e
n
c
y
f
o
r
o
p
t
i
m
a
l
s
a
m
p
l
i
n
g
o
f
v
a
r
i
o
u
s
p
a
r
a
m
e
t
e
r
s
m
u
s
t
b
e
determined.
5.
I
m
p
r
o
v
e
m
e
n
t
s
i
n
s
u
r
v
e
i
l
l
a
n
c
e
o
f
s
h
o
r
t
,
s
t
o
r
m
-
r
e
l
a
t
e
d
e
v
e
n
t
s
i
s
n
e
c
e
s
s
a
r
y
.
I
s
n
o
n
-
c
o
m
p
l
i
a
n
c
e
d
u
r
i
n
g
t
h
e
s
h
o
r
t
-
t
e
r
m
i
m
p
o
r
t
a
n
t
?
6.
T
h
e
u
s
e
o
f
b
a
c
t
e
r
i
a
l
u
p
t
a
k
e
k
i
n
e
t
i
c
s
a
s
o
p
p
o
s
e
d
t
o
c
o
u
n
t
s
o
f
s
t
a
n
d
i
n
g
c
r
o
p
s
o
f
b
a
c
t
e
r
i
a
m
u
s
t
b
e
e
n
c
o
u
r
a
g
e
d
.
7.
L
i
m
n
o
c
h
e
m
i
s
t
s
m
u
s
t
b
e
s
u
p
p
o
r
t
e
d
a
n
d
e
n
c
o
u
r
a
g
e
d
t
o
i
m
p
r
o
v
e
o
u
r
k
n
o
w
l
e
d
g
e
of
p
h
o
s
p
h
o
r
u
s
k
i
n
e
t
i
c
s
.
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Data Management
1.
T
h
e
s
t
a
n
d
a
r
d
i
z
a
t
i
o
n
of
t
e
c
h
n
i
q
u
e
s
a
n
d
i
n
t
e
r
c
o
m
p
a
r
a
b
i
l
i
t
y
of
d
a
t
a
c
o
n
t
i
n
u
e
t
o
b
e
i
m
p
o
r
t
a
n
t
.
2.
A
r
c
h
i
v
i
n
g
o
f
d
a
t
a
o
n
a
l
l
of
t
h
e
G
r
e
a
t
L
a
k
e
s
in
t
h
e
R
e
g
i
o
n
a
l
O
f
f
i
c
e
is
to
be
e
n
c
o
ur
a
g
e
d
;
c
o
n
c
o
m
i
t
a
n
t
l
y,
th
is
i
m
p
l
i
e
s
s
t
a
n
d
a
r
d
—
iz
at
io
n
of
da
ta
fo
rm
at
s
an
d
im
pr
ov
in
g
th
e
av
ai
la
bi
li
ty
of
su
ch
d
a
t
a
to
i
n
v
e
s
t
i
g
a
t
o
r
s
.
3.
B
e
c
a
u
s
e
it
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a
p
r
o
b
l
e
m
of
p
a
r
t
i
c
u
l
a
r
i
m
p
o
r
t
a
n
c
e
to
th
e
d
a
t
a
m
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n
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g
e
m
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n
t
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r
L
a
k
e
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ta
ri
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o
r
t
h
o
p
h
o
s
p
h
a
t
e
d
a
t
a
d
e
s
e
r
ve
s
critical review.
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c
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c
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ra
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ra
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b
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c
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te
n
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os
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ra
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e
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te
d
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ux
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ra
me
te
rs
in
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ei
ll
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ce
The ecological implications drawn from modern simulation modelling are
sim
ila
r t
o t
hos
e r
esu
lti
ng
fro
m s
tud
ies
dur
ing
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0—5
5 o
f e
ner
gy
flo
w i
n
aqu
ati
c e
cos
yst
ems
.
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y s
imp
ly,
flu
xes
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rat
e c
ons
tra
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s d
esc
rib
e s
yst
em
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cs,
whe
rea
s
sim
pli
fie
d
mea
sur
es
of
sta
ndi
ng
cro
ps
may
mis
lea
d e
ven
the
mos
t
inf
orm
ed
man
age
r.
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e
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d
int
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mea
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per
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mea
sur
es
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ici
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dis
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gen
,
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are
too
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ite
d
in
sco
pe.
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e
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y
are
dif
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to
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sur
e p
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,
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fl
ux
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e
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sk
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ox
yg
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pro
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c
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ri
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ie
196
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ot
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C p
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os
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fl
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d
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.
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is
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at
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fl
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te
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ra
te
of
nu
tr
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re
ti
ca
l
co
nc
lu
si
on
s
ar
e
wo
rt
h
co
ns
id
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g:
1.
Wi
th
ou
t
in
cr
ea
se
d
lo
ad
in
g,
th
e
sp
ri
ng
pe
ak
of
ph
yt
op
la
nk
to
n
wi
ll
in
cr
ea
se
45
%
be
fo
re
re
ac
hi
ng
a
co
ns
ta
nt
le
ve
l.
2.
Ni
tr
og
en
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mi
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ti
on
wi
ll
pr
ed
om
in
at
e
ov
er
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or
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ti
on
of
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l
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nd
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g
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ou
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be
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me
di
at
e
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di
ca
ti
on
to
i
n
c
r
e
a
s
e
s
ur
ve
i
l
l
a
n
c
e
of
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l
fo
rm
s
of
ni
tr
og
en
.
3.
R
e
d
u
c
t
i
o
n
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n
u
t
r
i
e
n
t
l
o
a
d
i
n
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i
l
l
n
o
t
r
e
s
u
l
t
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a
v
i
s
i
b
l
e
d
e
c
r
e
a
s
e
i
n
p
h
y
t
o
p
l
a
n
k
t
o
n
s
t
a
n
d
i
n
g
c
r
o
p
.
(
U
s
i
n
g
p
a
r
a
m
e
t
e
r
s
o
f
t
h
e
U
.
S
.
-
C
a
n
a
d
i
a
n
A
g
r
e
e
m
e
n
t
w
i
t
h
a
2
2
%
r
e
d
u
c
t
i
o
n
i
n
l
o
a
d
i
n
g
,
s
i
m
u
l
a
t
i
o
n
o
u
t
p
u
t
s
u
g
g
e
s
t
e
d
o
n
l
y
a
6
%
r
e
d
u
c
t
i
o
n
i
n
p
h
y
t
o
p
l
a
n
k
t
o
n
after ten years).
A
t
t
h
e
v
e
r
y
l
e
a
s
t
,
t
h
e
s
e
c
o
n
c
l
u
s
i
o
n
s
,
b
a
s
e
d
on
t
h
e
o
r
y
a
n
d
n
o
t
on
fa
ct
,
s
u
g
g
e
s
t
th
at
we
sh
ou
ld
n
o
t
pr
om
is
e
th
e
pu
bl
ic
an
yt
hi
ng
on
th
e
co
ns
eq
ue
nc
es
of
re
me
di
al
ac
ti
on
.
At
mo
st
,
th
es
e
co
nc
lu
si
on
s
su
gg
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t
th
at
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sh
ou
ld
pl
ac
e
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ss
em
ph
as
is
on
ex
am
in
in
g
lo
ad
in
gs
in
th
e
su
rv
ei
ll
an
ce
pr
og
ra
m.
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n t
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nda
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pro
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m
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gr
at
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e
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e
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d
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ur
ce
s
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e
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an
t
to
th
e
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ei
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c
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e
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e
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e
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it
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at
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at
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)
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or
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,
Bo
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in
a
Zo
ng
ir
os
tr
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,
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en
ti
fi
ed
th
er
ma
l
in
pu
t
in
ar
ea
s
su
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as
Ni
ne
Mi
le
Pt
.,
ea
st
of
Os
we
go
(M
cN
au
gh
t,
Bu
zz
ar
d
an
d
Le
vi
ne
,
19
75
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ti
ve
pa
ra
me
te
rs
,
su
ch
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ta
l
ph
os
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or
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an
d
ch
lo
ri
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,
em
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ed
in
tr
ad
it
io
na
l
su
rv
ei
ll
an
ce
pr
og
ra
ms
,
mu
st
co
nt
in
ue
to
em
bo
dy
th
e
la
rg
es
t
pe
rc
en
ta
ge
of
su
rv
ei
ll
an
ce
ef
fo
rt
.
No
n—
co
ns
er
va
ti
ve
,
se
ns
it
iv
e
pa
ra
me
te
rs
,
in
cl
ud
in
g
me
as
ur
es
of
cr
it
ic
al
fl
ux
es
an
d
th
e
us
e
of
ke
y
gr
ou
ps
of
in
de
x
or
ga
ni
sm
s,
wh
en
ad
de
d
to
ou
r
su
rv
ei
ll
an
ce
ef
fo
rt
wi
ll
pr
ov
id
e
pr
ec
is
io
n
in
es
ti
ma
ti
ng
ch
an
ge
s
ov
er
br
ie
f
pe
ri
od
s
of
tim
e.
Wh
il
e
mo
re
re
se
ar
ch
is
ne
ed
ed
fo
r
th
e
se
co
nd
su
gg
es
ti
on
,
bo
th
wi
ll
le
ad
to
be
tt
er
su
rv
ei
ll
an
ce
an
d
fa
st
er
remedial action.
Lak
e
Ont
ari
o,
Ope
n L
ake
(Ca
nad
a
Cen
tre
for
Inl
and
Wat
ers
)
 
1.
In
the
com
pli
anc
e s
urv
eil
lan
ce
pro
gra
m,
the
num
ber
of
sta
tio
ns
(80
)
exc
eed
s
the
IFY
GL
den
sit
y
and
app
ear
s
exc
ess
ive
.
2.
In
the
ass
ess
men
t p
rog
ram
,
the
dep
end
enc
e u
pon
mea
sur
eme
nts
of
ch
lo
ro
ph
yl
l
a
co
ul
d
be
di
sa
st
er
ou
s.
It
is
su
gg
es
te
d
th
at
al
ga
l
co
mm
un
it
y
co
mp
os
it
io
n
be
ex
pr
es
se
d
in
te
rm
s
of
si
mp
le
bl
ue
gr
ee
n:
dia
tom
rat
ios
,
pro
vid
ing
a
fas
ter
(an
d m
ore
exp
ens
ive
)
ind
ex
than chlorophyll.
3.
Mor
e
emp
has
is
upo
n
the
che
mis
try
of
con
tam
ina
nts
wou
ld
pro
vid
e
information vital to human health problems.
4.
Pro
pos
ed
ind
ice
s
of
bac
ter
ial
den
sit
y
sho
uld
be
com
ple
men
ted
with measurements of bacterial kinetics.
Lak
e O
nta
rio
, N
ear
sho
re
(Ca
nad
a C
ent
re
for
Inl
and
Wat
ers
)
1.
Th
is
pr
og
ra
m
wa
s
de
si
gn
ed
wi
th
sp
ec
ia
l
re
fe
re
nc
e
to
th
e
Ne
w
Yo
rk
sh
or
el
in
e,
an
d
aw
ai
ts
th
e
co
op
er
at
io
n
of
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pro
tec
tio
n A
gen
cy.
Spe
cia
l
att
ent
ion
is
req
uir
ed
for
the
rma
l
problems in the area of Nine Mile Pt.
36
 Lake Ontario, Intakes (Ontario Ministry of the Environment)
1. Proposed phytoplankton identification for intake samples will add
extremely vital information. Appropriate indices to be used in
presenting these data and for planning remedial action are
suggested.
2. Water chemistry will hopefully emphasize the reactive forms of
phosphorus.
3. The addition of a zooplankton study with attention only to
pollution indicators is needed.
4. If there are thermal problems on the Canadian shoreline, a
thermal study linked to collection of data via intakes would
be valuable.
Lak
e O
nta
rio
, I
mpa
cte
d A
rea
s (
Ont
ari
o M
ini
str
y o
f t
he
Env
iro
nme
nt)
1.
Mea
sur
ing
che
mic
al
par
ame
ter
s d
uri
ng
sho
rt,
sto
rm-
rel
ate
d e
ven
ts,
esp
eci
all
y i
n T
oro
nto
Har
bou
r,
is
a n
ece
ssa
ry
exp
ans
ion
of
the
proposed program.
2.
Add
iti
ona
l b
iol
ogi
cal
dat
a
for
par
all
el
stu
die
s
hav
e a
ppa
ren
tly
bee
n
dev
elo
ped
for
the
Bay
of
Qui
nte
.
Thi
s d
ata
bas
e
sho
uld
be
uti
liz
ed
in
bio
log
ica
l
eco
sys
tem
s m
ode
lli
ng,
wit
h d
ire
ct
application to remedial planning.
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og
y,
47
:4
47
—6
4
(1
96
6)
.
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Pr
io
r
to
th
e
wo
rk
sh
op
,
ea
ch
go
ve
rn
me
nt
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en
cy
or
co
nt
ra
ct
or
pa
rt
-
ic
ip
at
in
g
in
a
ph
as
e
of
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
su
rv
ei
ll
an
ce
ne
tw
or
k
fo
r
La
ke
Er
ie
pr
ep
ar
ed
a
dr
af
t
pl
an
wh
ic
h
wa
s
ci
rc
ul
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ed
to
al
l
th
e
pa
rt
ic
ip
an
ts
in
th
e
La
ke
Er
ie
wo
rk
gr
ou
p.
Th
e
fo
ll
ow
in
g
pl
an
s
fo
r
19
76
were considered:
A. Lake Erie/Tributaries
 
Co
rp
s
of
E
n
g
i
n
e
e
r
s
/
B
uf
f
a
l
o
Di
st
ri
ct
P
e
n
n
s
y
l
v
a
n
i
a
D
e
p
a
r
t
m
e
n
t
of
E
n
v
i
r
o
n
m
e
n
t
a
l
R
e
s
o
u
r
c
e
s
M
i
c
h
i
g
a
n
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
m
m
i
s
s
i
o
n
.
O
h
i
o
E
n
vi
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
of
th
e
E
n
vi
r
o
n
m
e
n
t
m
-
D
U
J
N
H
B. Lake Erie/Water Intakes
1.
P
e
n
n
s
y
l
v
a
n
i
a
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
R
e
s
o
u
r
c
e
s
2
M
i
c
h
i
g
a
n
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
m
m
i
s
s
i
o
n
3.
O
h
i
o
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
4.
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
of
th
e
E
n
vi
r
o
n
m
e
n
t
C. Lake Erie/Nearshore
1.
C
a
n
a
d
a
C
e
n
t
r
e
f
o
r
I
n
l
a
n
d
W
a
t
e
r
s
2.
P
e
n
n
s
y
l
v
a
n
i
a
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
R
e
s
o
u
r
c
e
s
3
.
O
h
i
o
S
t
a
t
e
U
n
i
v
e
r
s
i
t
y
/
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
4
.
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
of
t
h
e
E
n
v
i
r
o
n
m
e
n
t
T
h
e
f
r
e
q
u
e
n
c
y
o
f
m
e
a
s
u
r
e
m
e
n
t
s
a
n
d
t
h
e
p
a
r
a
m
e
t
e
r
s
t
o
b
e
m
e
a
s
u
r
e
d
a
r
e
no
te
d
in
Ta
bl
es
1
to
21
in
Ap
pe
nd
ix
II
.
T
h
e
U
.
S
.
A
r
m
y
,
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
,
B
u
f
f
a
l
o
D
i
s
t
r
i
c
t
p
l
a
n
c
a
l
l
s
f
o
r
m
o
n
i
t
o
r
i
n
g
w
a
t
e
r
q
u
a
l
i
t
y
n
e
a
r
t
h
e
m
o
u
t
h
s
o
f
f
o
u
r
t
r
i
b
u
t
a
r
i
e
s
i
n
n
o
r
t
h
-
w
e
s
t
e
r
n
O
h
i
o
(
M
a
u
m
e
e
,
P
o
r
t
a
g
e
,
S
a
n
d
u
s
k
y
a
n
d
H
u
r
o
n
R
i
v
e
r
s
)
d
u
r
i
n
g
t
h
e
p
e
r
i
o
d
39
_
_
_
—
 J
a
n
u
a
r
y
-
J
u
n
e
1
9
7
6
.
T
o
b
e
c
o
n
d
u
c
t
e
d
a
t
s
i
x
h
o
u
r
i
n
t
e
r
v
a
l
s
d
u
r
i
n
g
p
e
a
k
f
l
o
w
p
e
r
i
o
d
s
a
n
d
o
n
c
e
p
e
r
w
e
e
k
d
u
r
i
n
g
l
o
w
f
l
o
w
,
t
h
e
s
a
m
p
l
i
n
g
w
i
l
l
d
e
t
e
r
m
i
n
e
n
u
t
r
i
e
n
t
s
a
n
d
s
o
l
i
d
s
.
T
h
e
p
r
o
g
r
a
m
i
s
s
p
e
c
i
f
i
c
a
l
l
y
d
e
s
i
g
n
e
d
t
o
p
r
o
v
i
d
e
r
e
l
i
a
b
l
e
t
r
i
b
u
t
a
r
y
l
o
a
d
i
n
g
f
o
r
r
u
n
o
f
f
e
v
e
n
t
s
.
T
h
e
m
a
j
o
r
c
r
i
t
i
c
i
s
m
o
f
t
h
e
s
t
u
d
y
i
s
t
h
a
t
t
h
e
m
o
n
i
t
o
r
i
n
g
s
t
a
t
i
o
n
s
a
r
e
u
p
t
o
t
w
e
n
t
y
k
i
l
o
m
e
t
r
e
s
i
n
l
a
n
d
from the lake.
T
h
e
P
e
n
n
s
y
l
v
a
n
i
a
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
R
e
s
o
u
r
c
e
s
,
i
n
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
t
h
e
E
r
i
e
C
o
u
n
t
y
D
e
p
a
r
t
m
e
n
t
o
f
H
e
a
l
t
h
,
p
l
a
n
s
t
o
m
o
n
i
t
o
r
s
e
v
e
n
s
t
a
t
i
o
n
s
i
n
L
a
k
e
E
r
i
e
a
n
d
t
w
o
i
n
P
r
e
s
q
u
e
I
s
l
e
B
a
y
b
y
b
o
a
t
,
t
h
e
c
i
t
y
w
a
t
e
r
i
n
t
a
k
e
a
t
E
r
i
e
a
n
d
t
h
r
e
e
s
t
a
t
i
o
n
s
l
o
c
a
t
e
d
o
n
t
r
i
b
u
t
a
r
i
e
s
(
S
i
x
t
e
e
n
M
i
l
e
,
W
a
l
n
u
t
,
a
n
d
E
l
k
C
r
e
e
k
s
)
t
o
L
a
k
e
E
r
i
e
.
I
n
a
d
d
i
t
i
o
n
t
o
a
w
i
d
e
r
a
n
g
e
o
f
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
s
,
b
i
o
l
o
g
i
c
a
l
s
u
r
v
e
i
l
l
a
n
c
e
w
i
l
l
b
e
c
o
n
d
u
c
t
e
d
i
n
1
9
7
6
.
B
e
c
a
u
s
e
t
h
e
P
e
n
n
s
y
l
v
a
n
i
a
p
l
a
n
c
o
n
t
a
i
n
s
t
r
i
b
u
t
a
r
y
,
w
a
t
e
r
i
n
t
a
k
e
,
n
e
a
r
s
h
o
r
e
a
n
d
o
p
e
n
l
a
k
e
c
o
m
p
o
n
e
n
t
s
,
i
t
i
s
t
h
e
m
o
s
t
c
o
m
p
r
e
h
e
n
s
i
v
e
s
t
a
t
e
p
r
o
g
r
a
m
.
T
h
e
M
i
c
h
i
g
a
n
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
m
m
i
s
s
i
o
n
(
W
R
C
)
m
o
n
i
t
o
r
i
n
g
p
l
a
n
i
n
c
l
u
d
e
s
t
h
r
e
e
t
r
i
b
u
t
a
r
i
e
s
t
o
L
a
k
e
E
r
i
e
/
D
e
t
r
o
i
t
R
i
v
e
r
(
R
o
u
g
e
,
H
u
r
o
n
a
n
d
R
a
i
s
i
n
R
i
v
e
r
s
)
a
n
d
f
i
v
e
w
a
t
e
r
i
n
t
a
k
e
s
(
D
e
t
r
o
i
t
—
J
e
f
f
e
r
s
o
n
A
v
e
n
u
e
,
D
e
t
r
o
i
t
-
W
y
a
n
d
o
t
t
e
,
D
e
t
r
o
i
t
-
A
l
l
e
n
P
a
r
k
,
M
o
n
r
o
e
,
a
n
d
t
h
e
E
n
r
i
c
o
F
e
r
m
i
P
o
w
e
r
P
l
a
n
t
)
.
T
h
e
s
e
l
o
c
a
t
i
o
n
s
a
r
e
s
a
m
p
l
e
d
m
o
n
t
h
l
y
w
i
t
h
n
o
s
p
e
c
i
f
i
c
a
t
t
e
m
p
t
t
o
o
b
t
a
i
n
s
a
m
p
l
e
s
d
u
r
i
n
g
p
e
a
k
f
l
o
w
c
o
n
d
i
t
i
o
n
s
.
T
h
e
r
e
a
p
p
e
a
r
s
t
o
b
e
c
o
n
s
i
d
e
r
a
b
l
e
c
o
n
t
r
o
v
e
r
s
y
b
e
t
w
e
e
n
M
i
c
h
i
g
a
n
W
R
C
,
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
/
B
u
f
f
a
l
o
,
a
n
d
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
R
e
g
i
o
n
a
l
O
f
f
i
c
e
o
v
e
r
t
h
e
s
t
a
t
i
s
t
i
c
a
l
m
e
t
h
o
d
f
o
r
c
a
l
c
u
l
a
t
i
n
g
l
o
a
d
i
n
g
s
t
o
L
a
k
e
E
r
i
e
f
r
o
m
t
h
e
M
i
c
h
i
g
a
n
t
r
i
b
u
t
a
r
i
e
s
.
T
h
e
M
i
c
h
i
g
a
n
W
R
C
a
n
d
t
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
j
o
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n
t
l
y
c
o
n
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u
c
t
a
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n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
o
f
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
f
r
o
m
i
t
s
h
e
a
d
a
t
L
a
k
e
S
t
.
C
l
a
i
r
t
o
i
t
s
m
o
u
t
h
a
t
L
a
k
e
E
r
i
e
.
T
h
e
t
w
o
a
g
e
n
c
i
e
s
a
l
t
e
r
n
a
t
e
m
o
n
t
h
l
y
s
a
m
p
l
i
n
g
a
t
5
4
s
t
a
t
i
o
n
s
o
n
1
0
r
a
n
g
e
s
a
c
r
o
s
s
t
h
e
r
i
v
e
r
.
M
i
c
h
i
g
a
n
W
R
C
i
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
c
o
m
p
u
t
i
n
g
n
u
t
r
i
e
n
t
l
o
a
d
i
n
g
s
t
o
L
a
k
e
E
r
i
e
u
s
i
n
g
a
m
o
d
e
l
d
e
v
e
l
o
p
e
d
b
y
t
h
e
L
a
k
e
S
u
r
v
e
y
C
e
n
t
e
ro
f
t
h
e
N
a
t
i
o
n
a
l
O
c
e
a
n
i
c
a
n
d
A
t
m
o
s
p
h
e
r
i
c
A
d
m
i
n
i
s
t
r
a
t
i
o
n
.
T
h
i
s
a
p
p
r
o
a
c
h
a
p
p
e
a
r
s
t
o
b
e
a
d
e
q
u
a
t
e
a
n
d
i
s
g
e
n
e
r
a
l
l
y
a
c
c
e
p
t
e
d
b
y
t
h
e
s
c
i
e
n
-
t
i
f
i
c
c
o
m
m
u
n
i
t
y
.
M
o
n
t
h
l
y
s
a
m
p
l
i
n
g
i
s
a
p
p
r
o
p
r
i
a
t
e
f
o
r
t
h
i
s
r
i
v
e
r
b
e
c
a
u
s
e
o
f
t
h
e
f
a
i
r
l
y
u
n
i
f
o
r
m
f
l
o
w
t
h
r
o
u
g
h
o
u
t
t
h
e
y
e
a
r
.
I
n
a
d
d
i
t
i
o
n
t
o
t
h
i
s
p
r
o
g
r
a
m
,
t
h
e
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
L
a
r
g
e
L
a
k
e
s
R
e
s
e
a
r
c
h
S
t
a
t
i
o
n
,
G
r
o
s
s
e
I
l
e
,
p
l
a
n
s
t
o
c
o
n
t
i
n
u
e
d
a
i
l
y
m
o
n
i
t
o
r
i
n
g
o
f
p
h
o
s
p
h
o
r
u
s
i
n
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
a
t
t
h
e
F
r
e
e
B
r
i
d
g
e
t
o
G
r
o
s
s
e
I
l
e
.
I
n
a
d
d
i
t
i
o
n
t
o
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
s
a
m
p
l
i
n
g
,
t
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
i
s
m
o
n
i
t
o
r
i
n
g
s
i
x
t
r
i
b
u
t
a
r
i
e
s
(
G
r
a
n
d
R
i
v
e
r
,
K
e
t
t
l
e
C
r
e
e
k
,
L
y
n
n
R
i
v
e
r
,
B
i
g
O
t
t
e
r
C
r
e
e
k
,
B
i
g
C
r
e
e
k
a
n
d
C
a
t
f
i
s
h
C
r
e
e
k
)
,
t
h
r
e
e
w
a
t
e
r
i
n
t
a
k
e
s
(
K
i
n
g
s
v
i
l
l
e
,
B
l
e
n
h
e
i
m
a
n
d
D
u
n
v
i
l
l
e
)
a
n
d
1
0
8
n
e
a
r
s
h
o
r
e
s
t
a
t
i
o
n
s
a
l
o
n
g
t
h
e
O
n
t
a
r
i
o
s
h
o
r
e
o
f
L
a
k
e
E
r
i
e
.
I
n
1
9
7
6
,
e
m
p
h
a
s
i
s
w
i
l
l
b
e
p
l
a
c
e
d
o
n
t
h
e
e
a
s
t
e
r
n
b
a
s
i
n
o
f
L
a
k
e
E
r
i
e
b
e
c
a
u
s
e
o
f
s
i
g
n
i
f
i
c
a
n
t
u
r
b
a
n
a
n
d
i
n
d
u
s
t
r
i
a
l
d
e
v
e
l
o
p
m
e
n
t
u
n
d
e
r
w
a
y
t
h
e
r
e
.
T
h
i
r
t
y
a
d
d
i
t
i
o
n
a
l
s
t
a
t
i
o
n
s
i
n
t
h
i
s
a
r
e
a
w
i
l
l
b
e
s
a
m
p
l
e
d
d
u
r
i
n
g
s
p
r
i
n
g
r
u
n
o
f
f
e
v
e
n
t
s
f
o
r
f
i
v
e
c
o
n
s
e
c
u
t
i
v
e
d
a
y
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
i
m
p
a
c
t
o
f
i
m
p
r
o
v
e
d
w
a
t
e
r
t
r
e
a
t
m
e
n
t
o
f
m
u
n
i
c
i
p
a
l
a
n
d
c
a
n
n
i
n
g
w
a
s
t
e
s
a
t
L
e
a
m
i
n
g
t
o
n
w
i
l
l
b
e
a
s
s
e
s
s
e
d
i
n
P
i
g
e
o
n
B
a
y
o
f
w
e
s
t
e
r
n
L
a
k
e
E
r
i
e
.
T
h
e
O
n
t
a
r
i
o
p
l
a
n
a
p
p
e
a
r
s
t
o
b
e
a
d
e
q
u
a
t
e
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
o
f
w
a
t
e
r
i
n
t
a
k
e
s
u
r
v
e
i
l
l
a
n
c
e
w
h
i
c
h
i
n
c
l
u
d
e
s
o
n
l
y
f
i
v
e
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
s
.
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The
Ohi
o
Env
iro
nme
nta
l
Pro
tec
tio
n
Age
ncy
mon
ito
rin
g
pro
gra
m f
or
the
La
ke
Er
ie
ba
si
n
co
ns
is
ts
of
mo
nt
hl
y
me
as
ur
em
en
ts
fo
r
a
co
mp
re
he
ns
iv
e
li
st
of
pa
ra
me
te
rs
at
12
tr
ib
ut
ar
ie
s
(Ma
ume
e,
Po
rt
ag
e,
Sa
nd
us
ky
,
Hu
ro
n,
Ve
rm
il
io
n,
Bl
ac
k,
Ro
ck
y,
Cu
ya
ho
ga
,
Ch
ag
ri
n,
Gr
an
d
an
d
As
ht
ab
ul
a
Ri
ve
rs
an
d
Co
nn
ea
ut
Cr
ee
k)
an
d
fo
ur
wa
te
r
tr
ea
tm
en
t
pl
an
t
in
ta
ke
s
(O
re
go
n,
Sa
nd
us
ky
,
Cl
ev
el
an
d-
Cr
ow
n,
an
d
Pa
in
es
vi
ll
e)
.
Al
th
ou
gh
th
is
pl
an
ca
ll
s
fo
r
a
co
mp
re
he
ns
iv
e
li
st
of
pa
ra
me
te
rs
,
th
er
e
is
no
pr
ov
is
io
n
fo
r
pe
ak
ru
no
ff
sa
mp
li
ng
.
An
ot
he
r
cr
it
ic
is
m
of
th
e
Oh
io
pr
og
ra
m
is
th
at
ma
ny
of
th
e
tr
ib
ut
ar
ie
s
ar
e
no
t
ac
tu
al
ly
sa
mp
le
d
on
a
mo
nt
hl
y
ba
si
s
fo
r
a
va
ri
et
y
of
re
as
on
s.
Si
nc
e
no
pl
an
s
we
re
re
ce
iv
ed
fr
om
th
e
St
at
e
of
Ne
w
Yo
rk
fo
r
mo
ni
to
ri
ng
tr
ib
ut
ar
ie
s,
wa
te
r
in
ta
ke
s,
ne
ar
sh
or
e
or
th
e
Ni
ag
ar
a
Ri
ve
r,
it
is
th
e
on
ly
ju
ri
sd
ic
ti
on
no
t
in
cl
ud
ed
in
th
e
su
rv
ei
ll
an
ce
pl
an
s
de
ve
lo
pe
d
at
th
e
wo
rk
sh
op
fo
r
La
ke
Er
ie
an
d
it
s
co
nn
ec
ti
ng
wa
te
rw
ay
s.
Th
e
pl
an
of
th
e
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
(C
CI
W)
an
d
th
e
La
rg
e
La
ke
s
Re
se
ar
ch
St
at
io
n,
(i
n
co
nj
un
ct
io
n
wi
th
th
e
Oh
io
St
at
e
Un
iv
er
si
ty
,
Ce
nt
re
fo
r
La
ke
Er
ie
Ar
ea
Re
se
ar
ch
(C
LE
AR
)
an
d
th
e
Ne
w
Yo
rk
St
at
e
Un
iv
er
si
ty
Co
ll
eg
e
at
Bu
ff
al
o,
Gr
ea
t
La
ke
s
La
bo
ra
to
ry
(G
LL
))
ca
ll
s
fo
r
ex
te
ns
iv
e
in
ve
st
-
ig
at
io
ns
of
th
e
ne
ar
sh
or
e
an
d
op
en
la
ke
po
rt
io
ns
of
al
l
th
re
e
ba
si
ns
of
La
ke
Er
ie
.
CC
IW
wi
ll
vi
si
t
10
6
st
at
io
ns
an
d
CL
EA
R/
GL
L
wi
ll
vi
si
t
80
st
at
io
ns
on
a
mo
nt
hl
y
ba
si
s
du
ri
ng
th
e
ic
e
fr
ee
pe
ri
od
of
th
e
ye
ar
.
In
ad
di
ti
on
to
ro
ut
in
e
su
rv
ei
ll
an
ce
,
th
es
e
ef
fo
rt
s
wi
ll
(1
)
de
te
rm
in
e
th
e
ex
te
nt
an
d
du
ra
ti
on
of
di
ss
ol
ve
d
ox
yg
en
co
nd
it
io
ns
le
ss
th
an
IJ
C
ob
je
ct
iv
es
an
d
th
e
ox
yg
en
de
pl
et
io
n
ra
te
,
(2
)
es
ti
ma
te
bi
om
as
s
(3
)
pr
ov
id
e
me
as
ur
em
en
ts
of
nu
tr
ie
nt
s
to
be
us
ed
fo
r
ca
lc
ul
at
in
g
qu
an
ti
ti
es
in
th
e
la
ke
co
mp
ar
ed
to
lo
ad
in
g
re
co
rd
s
(4
)
de
te
rm
in
e
th
e
am
Ou
nt
of
nu
tr
ie
nt
s
re
ge
ne
ra
te
d
fr
om
th
e
se
di
me
nt
s
an
d
(5
)
es
ti
ma
te
th
e
ma
gn
it
ud
e
of
re
su
sp
en
de
d
se
di
me
nt
in
th
e
we
st
er
n
ba
si
n
of
La
ke
Er
ie
.
Th
e
Su
rv
ei
ll
an
ce
pl
an
s
ap
pe
ar
ad
eq
ua
te
to
achieve these objectives.
Surveillance Priorities
T
h
e
L
a
k
e
E
r
i
e
/
D
e
t
r
o
i
t
R
i
v
e
r
w
o
r
k
g
r
o
u
p
c
o
n
s
i
d
e
r
e
d
t
h
e
p
l
a
n
s
of
e
a
c
h
a
g
e
n
c
y
in
te
rm
s
of
th
e
u
n
i
f
o
r
m
se
t
of
d
e
s
i
g
n
ob
je
ct
iv
es
pr
ov
id
ed
by
th
e
S
u
r
v
e
i
l
l
a
n
c
e
S
u
b
c
o
m
m
i
t
t
e
e
.
T
h
e
f
o
l
l
o
w
i
n
g
c
o
n
s
e
n
s
u
s
of
p
r
i
o
r
i
t
i
e
s
fo
r
a
L
a
k
e
E
r
i
e
/
D
e
t
r
o
i
t
R
i
v
e
r
S
u
r
v
e
i
l
l
a
n
c
e
P
r
o
g
r
a
m
e
v
o
l
v
e
d
f
r
o
m
th
e
d
i
s
c
u
s
s
i
o
n
.
1.
O
x
y
g
e
n
d
e
p
l
e
t
i
o
n
p
r
o
b
l
e
m
,
p
a
r
t
i
c
u
l
a
r
l
y
t
h
e
a
n
o
x
i
c
r
e
g
i
o
n
o
f
t
h
e
central basin.
2.
P
h
o
s
p
h
o
r
u
s
l
o
a
d
i
n
g
f
r
o
m
a
l
l
s
o
u
r
c
e
s
,
i
n
c
l
u
d
i
n
g
t
r
i
b
u
t
a
r
i
e
s
,
m
u
n
i
c
i
p
a
l
/
i
n
d
u
s
t
r
i
a
l
a
n
d
a
t
m
o
s
p
h
e
r
e
.
3.
N
e
a
r
s
h
o
r
e
l
o
c
a
l
i
z
e
d
p
r
o
b
l
e
m
a
r
e
a
s
,
i
n
c
l
u
d
i
n
g
b
a
c
t
e
r
i
a
l
c
o
n
t
a
m
-
i
n
a
t
i
o
n
,
C
Z
a
d
o
p
h
o
r
a
,
r
a
d
i
o
n
u
c
l
i
d
e
s
a
n
d
t
u
r
b
i
d
i
t
y
.
4
-
F
i
s
h
c
o
n
t
a
m
i
n
a
t
i
o
n
b
y
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
a
n
d
m
e
t
a
l
s
.
5
-
L
o
n
g
—
t
e
r
m
t
r
e
n
d
a
s
s
e
s
s
m
e
n
t
o
f
w
a
t
e
r
q
u
a
l
i
t
y
,
p
a
r
t
i
c
u
l
a
r
l
y
c
o
n
t
i
n
u
e
d
m
o
n
i
t
o
r
i
n
g
o
f
w
a
t
e
r
i
n
t
a
k
e
s
.
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 T
h
e
w
o
r
k
g
r
o
u
p
r
e
c
o
m
m
e
n
d
e
d
t
h
a
t
t
h
e
s
e
p
r
i
o
r
i
t
i
e
s
b
e
i
n
c
o
r
p
o
r
a
t
e
d
i
n
t
o
a
n
o
v
e
r
a
l
l
s
u
r
v
e
i
l
l
a
n
c
e
p
l
a
n
f
o
r
t
h
e
l
a
k
e
a
n
d
a
s
s
o
c
i
a
t
e
d
w
a
t
e
r
w
a
y
s
,
w
i
t
h
t
h
e
f
i
r
s
t
f
o
u
r
b
e
i
n
g
t
h
e
m
i
n
i
m
u
m
f
o
r
a
s
a
t
i
s
f
a
c
t
o
r
y
p
r
o
g
r
a
m
.
T
h
e
p
a
r
a
m
e
t
e
r
s
l
i
s
t
e
d
i
n
A
p
p
e
n
d
i
x
B
o
f
t
h
e
1
9
7
4
R
e
p
o
r
t
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
w
e
r
e
j
u
d
g
e
d
t
o
b
e
g
e
n
e
r
a
l
l
y
a
c
c
e
p
t
a
b
l
e
b
y
t
h
e
v
a
r
i
o
u
s
a
g
e
n
c
i
e
s
.
T
h
e
f
r
e
q
u
e
n
c
y
a
n
d
p
e
r
i
o
d
of
s
a
m
p
l
i
n
g
p
r
o
v
e
d
to
b
e
a
c
o
n
t
r
o
v
e
r
s
i
a
l
i
s
s
u
e
w
h
i
c
h
w
a
s
n
o
t
r
e
s
o
l
v
e
d
b
y
t
h
e
w
o
r
k
g
r
o
u
p
.
COMMENTS
C. HERDENDORF
Tributaries
T
h
e
t
r
i
b
u
t
a
r
y
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
s
p
r
o
p
o
s
e
d
b
y
M
i
c
h
i
g
a
n
,
O
h
i
o
,
P
e
n
n
—
s
yl
va
n
i
a
an
d
O
n
t
a
r
i
o
a
p
p
e
a
r
to
be
a
d
e
q
u
a
t
e
to
d
e
t
e
r
m
i
n
e
c
o
m
p
l
i
a
n
c
e
w
i
t
h
IJ
C
o
b
j
e
c
t
i
ve
s
.
No
i
n
f
o
r
m
a
t
i
o
n
is
a
v
a
i
l
a
b
l
e
on
th
e
N
e
w
Y
o
r
k
pl
an
.
H
o
we
ve
r
th
er
e
is
c
o
n
s
i
d
e
r
a
b
l
e
c
o
n
t
r
o
v
e
r
s
y
on
tw
o
is
su
es
:
(1
)
c
a
l
c
u
l
a
t
i
o
n
f
r
o
m
s
u
r
v
e
i
l
l
a
n
c
e
d
a
t
a
of
t
h
e
a
n
n
u
a
l
l
o
a
d
i
n
g
to
L
a
k
e
E
r
i
e
a
n
d
(2
)
s
p
r
i
n
g
r
u
n
o
f
f
ev
en
t
s
a
m
p
l
i
n
g
v
e
r
s
u
s
u
n
i
f
o
r
m
m
o
n
t
h
l
y
sa
mp
li
ng
.
Th
e
c
a
l
c
u
l
a
t
i
o
n
q
ue
s
t
i
o
n
co
ul
d
be
r
e
s
o
l
ve
d
as
a
st
af
f
f
un
c
t
i
o
n
of
th
e
IJ
C,
R
e
g
i
o
n
a
l
Of
fi
ce
.
W
h
i
l
e
so
me
p
r
o
g
r
e
s
s
h
a
s
b
e
e
n
m
a
d
e
in
th
is
d
i
r
e
c
t
i
o
n
,
m
o
r
e
e
f
f
o
r
t
an
d
a
d
d
i
t
i
o
n
a
l
st
af
f
sh
ou
ld
be
c
o
n
c
e
n
t
r
a
t
e
d
o
n
d
e
v
e
l
o
p
i
n
g
a
u
n
i
v
e
r
s
a
l
l
y
a
c
c
e
p
t
a
b
l
e
ap
pr
oa
ch
.
Th
e
pr
ob
le
m
of
ev
en
t
ve
rs
us
mo
nt
hl
y
tr
ib
ut
ar
y
sa
mp
li
ng
se
em
s
to
ce
nt
er
on
th
e
bi
ol
og
ic
al
av
ai
la
bi
li
ty
of
ph
os
ph
or
us
ca
rr
ie
d
to
th
e
la
ke
du
ri
ng
sp
ri
ng
ru
no
ff
.
Sp
ec
ia
l
re
se
ar
ch
ef
fo
rt
s
ar
e
ne
ed
ed
to
re
so
lv
e
th
is
qu
es
t-
io
n.
Th
e
L
a
r
g
e
L
a
k
e
s
R
e
s
e
a
r
c
h
S
t
a
t
i
o
n
p
r
e
s
e
n
t
l
y
ha
s
a
r
e
s
e
a
r
c
h
p
r
o
j
e
c
t
u
n
d
e
r
-
wa
y
wh
ic
h
wi
ll
pr
ov
id
e
an
im
pa
rt
ia
l
an
sw
er
to
qu
es
ti
on
s
on
a
ca
se
by
ca
se
ba
si
s
wi
th
ea
ch
st
re
am
te
st
ed
se
pa
ra
te
ly
.
An
ot
he
r
ap
pr
oa
ch
to
th
is
pr
ob
le
m
is
co
nt
ai
ne
d
in
th
e
pr
oc
ee
di
ng
s
of
th
e
Re
se
ar
ch
Ad
vi
so
ry
Bo
ar
d
Wo
rk
sh
op
on
Cl
ad
op
ho
ra
in
th
e
Gr
ea
t
La
ke
s.
It
ap
pe
ar
s
th
at
th
e
st
at
e
ag
en
ci
es
ar
e
un
li
ke
ly
to
co
nv
er
t
fr
om
a
mo
nt
hl
y
sa
mp
li
ng
sc
he
du
le
to
sp
ri
ng
ev
en
t
sa
mp
—
li
ng
un
le
ss
it
ca
n
be
sh
ow
n
th
at
a
si
gn
if
ic
an
t
am
ou
nt
of
th
e
sp
ri
ng
ph
os
ph
or
us
lo
ad
is
av
ai
la
bl
e
fo
r
bi
ol
og
ic
al
pr
od
uc
ti
on
.
An
ot
he
r
is
su
e
wh
ic
h
re
qu
ir
es
at
te
nt
io
n
is
th
e
mo
re
ge
ne
ra
l
us
e
of
su
rv
ei
ll
an
ce
da
ta
to
as
se
ss
th
e
ef
fe
ct
iv
en
es
s
of
re
me
di
al
pr
og
ra
ms
in
im
pr
ov
in
g
wa
te
r
qu
al
it
y.
So
me
wo
rk
of
th
is
na
tu
re
ha
s
be
en
at
te
mp
te
d
by
th
e
Co
rp
s
of
En
gi
ne
er
s
in
no
rt
hw
es
te
rn
Oh
io
.
Th
e
es
tu
ar
y—
ty
pe
mo
ut
hs
of
mo
st
of
th
e
La
ke
Er
ie
tr
ib
ut
ar
ie
s
pr
es
en
t
a
pa
rt
ic
ul
ar
ly
di
ff
ic
ul
t
pr
ob
le
m
in
ca
lc
ul
at
in
g
re
li
ab
le
lo
ad
in
gs
to
La
ke
Er
ie
.
Sp
ec
ia
l
re
se
ar
ch
pr
oj
ec
ts
ar
e
re
qu
ir
ed
to
de
ve
lo
p
a
mo
de
l
wh
ic
h
wi
ll
pe
rm
it
ac
cu
ra
te
es
ti
ma
te
s
wi
th
in
an
es
tu
ar
y
wi
th
a
mi
ni
ma
l
nu
mb
er
of
sa
mp
le
s.
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 Water Intakes
The Lake Erie work group established a low priority for continued
monitoring of water intakes. However, water intake data, because of their
long and continuous nature, provide one of the basic tools for long—term
assessments of water quality trends. This activity should be continued
and data analyzed periodically to determine the impact of remedial measures.
Nearshore
The Ontario and Pennsylvania nearshore areas appear to be adequately
moni
tore
d,
but
simi
lar
cove
rage
is n
ot p
lann
ed f
or M
ichi
gan
and
Ohio
.
No
pla
ns
wer
e p
res
ent
ed
for
New
Yor
k.
U.S
. E
nvi
ron
men
tal
Pro
tec
tio
n A
gen
cy
spo
nso
red
pro
jec
ts
wil
l p
rov
ide
som
e g
ene
ral
inf
orm
ati
on
on
the
nat
ure
of
the
near
shor
e wa
ter
on t
he A
meri
can
side
, bu
t sp
ecif
ic p
robl
em a
reas
will
not
be
rou
tin
ely
mon
ito
red
.
Res
ult
s o
f r
ece
nt
res
ear
ch
pro
jec
ts
in
the
vic
ini
ty
of
Cle
vel
and
and
Tol
edo
cou
ld
pro
vid
e t
he
inf
orm
ati
on
nec
ess
ary
to
dev
elo
p e
ffe
cti
ve
sur
vei
lla
nce
pla
ns
for
nea
rsh
ore
pro
ble
m a
rea
s.
Rem
ote
sen
sin
g t
ech
niq
ues
dev
elo
ped
by
the
Nat
ion
al
Aer
ona
uti
cs
and
Spa
ce
Adm
ini
str
ati
on
(NA
SA)
Lew
is
Res
ear
ch
Cen
ter
wou
ld
fac
ili
tat
e s
urv
eil
lan
ce
of
spe
cif
ic
pro
ble
ms,
suc
h a
s t
he
imp
act
of
tri
but
ary
run
off
dur
ing
pea
k s
pri
ng
flo
w.
The
cos
t o
f
rem
ote
sen
sin
g w
ill
be
gre
atl
y r
edu
ced
in
197
8 w
hen
the
Nim
bus
G s
ate
lli
te,
equ
ipp
ed
wit
h a
n o
cea
n c
olo
r
sca
nni
ng
sys
tem
,
is
lau
nch
ed
and
beg
ins
to
pro
vid
e
eve
ry—
oth
er—
day
cov
era
ge
of
the
Gre
at
Lak
es.
NAS
A i
s p
res
ent
ly
und
ert
aki
ng
stu
die
s
wit
h
a
sim
ila
r
sca
nni
ng
sys
tem
abo
ard
air
cra
ft
in
ord
er
to
per
fec
t
ass
ess
men
t
tec
hni
que
s
whi
ch
can
be
uti
liz
ed
onc
e
the
sat
ell
ite
is
in
pos
iti
on.
It
is
des
ira
ble
tha
t
tot
al
sus
pen
ded
and
vol
ati
le
sol
ids
dat
a
be
gat
her
ed
as
of
te
n
as
po
ss
ib
le
du
ri
ng
al
l
on
go
in
g
su
rv
ei
ll
an
ce
pr
og
ra
ms
to
pr
ov
id
e
ground truth for satellite imagery.
Wh
il
e
Cl
ad
op
ho
ra
is
ex
te
ns
iv
e
in
La
ke
Er
ie
,
th
e
pr
ob
le
m
is
no
t
as
se
ri
ou
s
as
in
La
ke
On
ta
ri
o
an
d
do
es
no
t
ye
t
re
qu
ir
e
a
de
ta
il
ed
su
rv
ei
ll
an
ce
pr
og
ra
m.
If
an
d
wh
en
th
e
co
st
ly
su
rv
ei
ll
an
ce
te
ch
ni
qu
es
us
ed
in
La
ke
On
ta
ri
o
ar
e
pe
rf
ec
te
d
on
an
ec
on
om
ic
al
ba
si
s,
th
ey
sh
ou
ld
be
co
ns
id
er
ed
fo
r
La
ke
Erie.
Th
e
ra
di
ol
og
ic
al
su
rv
ei
ll
an
ce
pr
og
ra
m
pr
op
os
ed
by
th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
ap
pe
ar
s
to
re
pe
at
so
me
as
pe
ct
s
of
the
pr
og
ra
m
pr
es
en
tl
y
be
in
g
co
nd
uc
te
d
by
th
e
Nu
cl
ea
r
Re
gu
la
to
ry
Co
mm
is
si
on
,
pa
rt
ic
ul
ar
ly
in
sa
mp
li
ng
al
on
g
a
on
e
ki
lo
me
tr
e
ar
c
at
th
e
pe
ri
me
te
r
of
ac
ti
ve
nu
cl
ea
r
po
we
r
pl
an
ts
.
Th
e
Ra
di
oa
ct
iv
it
y
Su
bc
om
mi
tt
ee
's
re
co
mm
en
da
ti
on
s
sh
ou
ld
be
re
vi
ew
ed
ca
re
—
fully before implementation.
Open Lake
Th
e
op
en
la
ke
pl
an
s
pr
op
os
ed
fo
r
La
ke
Er
ie
ar
e
th
e
ou
tg
ro
wt
h
of
re
se
ar
ch
Pr
Oj
ec
ts
de
si
gn
ed
to
st
ud
y
th
e
ef
fe
ct
iv
en
es
s
of
nu
tr
ie
nt
co
nt
ro
ls
in
li
mi
ti
ng
la
ke
eu
tr
op
hi
ca
ti
on
.
Te
ch
ni
qu
es
ha
ve
be
en
de
ve
lo
pe
d
to
ma
ke
ro
ut
in
e
sur
-
ve
il
la
nc
e
me
as
ur
em
en
ts
of
th
e
an
nu
al
ox
yg
en
de
pl
et
io
n
ra
te
po
ss
ib
le
.
  
B
e
c
a
u
s
e
o
f
t
h
e
s
e
r
i
o
u
s
n
e
s
s
o
f
t
h
i
s
p
r
o
b
l
e
m
a
n
d
t
h
e
w
i
d
e
v
a
r
i
a
b
i
l
i
t
y
o
f
t
h
e
a
r
e
a
a
f
f
e
c
t
e
d
,
a
n
a
n
n
u
a
l
m
o
n
i
t
o
r
i
n
g
e
f
f
o
r
t
o
f
m
o
d
e
s
t
i
n
t
e
n
s
i
t
y
s
h
o
u
l
d
b
e
c
o
n
t
i
n
u
e
d
.
T
h
e
p
l
a
n
s
p
r
o
p
o
s
e
d
f
o
r
1
9
7
6
w
i
l
l
s
a
t
i
s
f
y
t
h
i
s
n
e
e
d
.
B
e
c
a
u
s
e
o
f
i
t
s
r
e
l
a
t
i
v
e
l
y
s
m
a
l
l
v
o
l
u
m
e
,
L
a
k
e
E
r
i
e
h
a
s
a
w
a
t
e
r
r
e
t
e
n
t
i
o
n
t
i
m
e
o
f
l
e
s
s
t
h
a
n
t
h
r
e
e
y
e
a
r
s
.
A
s
a
r
e
s
u
l
t
,
i
n
t
e
n
s
e
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
s
a
r
e
n
e
e
d
e
d
e
v
e
r
y
f
i
v
e
y
e
a
r
s
.
D
r
.
N
e
l
s
o
n
W
a
t
s
o
n
,
C
C
I
W
,
s
u
g
g
e
s
t
e
d
t
h
a
t
f
o
r
o
p
e
n
l
a
k
e
s
u
r
v
e
i
l
l
a
n
c
e
i
t
i
s
i
m
p
o
r
t
a
n
t
t
o
e
s
t
a
b
l
i
s
h
a
f
e
w
i
n
t
e
n
s
i
v
e
s
t
a
t
i
o
n
s
w
h
e
r
e
w
a
t
e
r
q
u
a
l
i
t
y
a
n
d
b
i
o
l
o
g
i
c
a
l
p
a
r
a
m
e
t
e
r
s
a
r
e
m
o
n
i
t
o
r
e
d
o
n
a
d
a
i
l
y
o
r
a
t
l
e
a
s
t
w
e
e
k
l
y
b
a
s
i
s
.
S
u
c
h
s
u
r
v
e
i
l
l
a
n
c
e
i
s
n
o
t
i
n
t
e
n
d
e
d
t
o
o
b
t
a
i
n
d
a
t
a
f
o
r
b
a
l
a
n
c
e
c
a
l
c
u
l
a
t
i
o
n
s
,
b
u
t
w
o
u
l
d
p
r
o
d
u
c
e
a
v
a
l
u
a
b
l
e
r
e
c
o
r
d
o
f
c
h
a
n
g
e
.
Detroit River
T
h
e
s
a
m
p
l
i
n
g
p
l
a
n
p
r
o
p
o
s
e
d
f
o
r
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
h
a
s
a
l
o
n
g
h
i
s
t
o
r
i
c
a
l
b
a
s
i
s
.
T
h
e
j
o
i
n
t
U
S
/
C
a
n
a
d
i
a
n
p
r
o
g
r
a
m
i
n
i
t
i
a
t
e
d
i
n
1
9
6
6
a
p
p
e
a
r
s
t
o
b
e
w
o
r
k
i
n
g
w
e
l
l
a
n
d
p
r
o
v
i
d
e
s
t
h
e
l
o
a
d
i
n
g
i
n
f
o
r
m
a
t
i
o
n
n
e
c
e
s
s
a
r
y
t
o
d
e
t
e
r
m
i
n
e
c
o
m
p
l
i
a
n
c
e
w
i
t
h
t
h
e
I
J
C
o
b
j
e
c
t
i
v
e
s
.
A
l
t
h
O
u
g
h
a
p
l
a
n
w
a
s
n
o
t
s
u
b
m
i
t
t
e
d
f
o
r
t
h
e
N
i
a
g
a
r
a
R
i
v
e
r
,
a
s
i
m
i
l
a
r
a
p
p
r
o
a
c
h
s
h
o
u
l
d
b
e
c
o
n
s
i
d
e
r
e
d
.
G
e
n
e
r
a
l
A
s
s
e
s
s
m
e
n
t
E
a
c
h
a
g
e
n
c
y
i
n
v
o
l
v
e
d
i
n
L
a
k
e
E
r
i
e
s
u
r
v
e
i
l
l
a
n
c
e
w
o
u
l
d
b
e
a
b
l
e
t
o
d
o
a
b
e
t
t
e
r
j
o
b
i
n
d
e
s
i
g
n
i
n
g
a
n
d
c
o
o
r
d
i
n
a
t
i
n
g
t
h
e
i
r
p
r
o
g
r
a
m
s
i
f
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
B
o
a
r
d
w
o
u
l
d
p
r
o
v
i
d
e
a
b
e
t
t
e
r
d
e
f
i
n
i
t
i
o
n
o
f
t
h
e
I
J
C
o
b
j
e
c
t
i
v
e
s
.
M
o
r
e
e
f
f
o
r
t
s
h
o
u
l
d
b
e
s
p
e
n
t
o
n
s
h
o
w
i
n
g
t
h
e
v
a
r
i
o
u
s
s
t
a
t
e
a
n
d
p
r
o
v
i
n
c
i
a
l
a
g
e
n
c
i
e
s
h
o
w
t
h
e
i
r
p
r
o
g
r
a
m
s
f
i
t
i
n
t
o
t
h
e
o
v
e
r
a
l
l
s
c
h
e
m
e
f
o
r
L
a
k
e
E
r
i
e
,
o
r
b
e
t
t
e
r
s
t
i
l
l
,
g
i
v
i
n
g
t
h
e
m
a
n
a
c
t
i
v
e
r
o
l
e
i
n
d
e
v
e
l
o
p
i
n
g
t
h
e
s
c
h
e
m
e
.
A
t
p
r
e
s
e
n
t
,
b
i
o
l
o
g
i
c
a
l
i
n
d
i
c
a
t
o
r
s
a
r
e
n
o
t
e
x
t
e
n
s
i
v
e
l
y
u
s
e
d
i
n
s
u
r
-
v
e
i
l
l
a
n
c
e
b
e
c
a
u
s
e
t
h
e
y
a
r
e
c
o
s
t
l
y
a
n
d
t
i
m
e
c
o
n
s
u
m
i
n
g
.
H
o
w
e
v
e
r
,
d
a
t
a
o
n
t
h
e
a
p
p
e
a
r
a
n
c
e
or
d
i
s
a
p
p
e
a
r
a
n
c
e
of
s
e
n
s
i
t
i
v
e
f
i
s
h
s
p
e
c
i
e
s
a
r
e
r
e
a
d
i
l
y
a
v
a
i
l
a
b
l
e
f
r
o
m
m
o
s
t
w
i
l
d
l
i
f
e
a
g
e
n
c
i
e
s
o
n
b
o
t
h
s
i
d
e
s
of
t
h
e
b
o
r
d
e
r
.
A
s
w
e
l
l
,
t
h
e
s
e
a
g
e
n
c
i
e
s
r
o
u
t
i
n
e
l
y
d
e
v
e
l
o
p
y
e
a
r
c
l
a
s
s
s
t
r
e
n
g
t
h
i
n
d
i
c
e
s
f
o
r
m
a
n
y
s
p
e
c
i
e
s
.
C
o
o
r
d
i
n
a
t
e
d
t
h
r
o
u
g
h
t
h
e
G
r
e
a
t
L
a
k
e
s
F
i
s
h
e
r
y
C
o
m
m
i
s
s
i
o
n
,
s
u
c
h
i
n
d
i
c
e
s
c
o
u
l
d
b
e
i
n
t
e
g
r
a
t
e
d
i
n
t
o
t
h
e
t
o
t
a
l
L
a
k
e
E
r
i
e
s
u
r
v
e
i
l
l
a
n
c
e
e
f
f
o
r
t
.
O
r
g
a
n
i
z
a
t
i
o
n
of
th
e
fi
s
h
c
o
n
t
a
m
i
n
a
n
t
s
s
ur
ve
i
l
l
a
n
c
e
p
r
o
g
r
a
m
by
th
is
C
o
m
m
i
s
s
i
o
n
is
a
l
s
o
a possibility.
D
a
t
a
m
a
n
a
g
e
m
e
n
t
an
d
q
ua
l
i
t
y
a
s
s
u
r
a
n
c
e
ar
e
c
h
r
o
n
i
c
p
r
o
b
l
e
m
s
w
h
i
c
h
c
a
n
a
l
wa
ys
b
e
e
xp
e
c
t
e
d
in
a
la
rg
e,
m
u
l
t
i
—
a
g
e
n
c
y
s
ur
ve
i
l
l
a
n
c
e
pr
og
ra
m.
A
t
a
s
k
fo
rc
e
wi
th
at
le
as
t
on
e
re
pr
es
en
ta
ti
ve
fr
om
ea
ch
ag
en
cy
sh
ou
ld
be
es
ta
bl
is
h-
ed
to
d
e
v
e
l
o
p
b
e
t
t
e
r
p
r
o
c
e
d
ur
e
s
.
A
l
s
o
r
e
q
ui
r
e
d
ar
e
a
s
u
r
v
e
i
l
l
a
n
c
e
m
a
n
u
a
l
w
h
i
c
h
c
o
ul
d
be
up
d
a
t
e
d
p
e
r
i
o
d
i
c
a
l
l
y
an
d
fu
nd
s
fo
r
u
n
i
f
o
r
m
l
o
g
g
i
n
g
of
th
e
da
ta
.
Th
es
e
st
ep
s
wi
ll
no
t
re
so
lv
e
al
l
of
th
e
in
he
re
nt
pr
ob
le
ms
bu
t
th
ey
co
ul
d
pr
ov
id
e
a
co
mm
on
ba
si
s
fo
r
st
an
da
rd
iz
in
g
da
ta
ou
tp
ut
s.
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W
O
R
K
G
R
O
U
P
R
E
P
O
R
T
Th
e
ne
ar
sh
or
e
is
th
e
on
ly
ar
ea
of
La
ke
Hu
ro
n
pr
es
en
tl
y
ex
pe
ri
en
ci
ng
wa
te
r
qu
al
it
y
pr
ob
le
ms
.
Th
er
ef
or
e,
it
sh
ou
ld
be
gi
ve
n
pr
io
ri
ty
fo
r
su
r—
ve
il
la
nc
e
in
te
rm
s
of
sa
mp
li
ng
st
at
io
n
pl
ac
em
en
t
an
d
sa
mp
li
ng
fr
eq
ue
nc
ie
s.
Sp
ec
if
ic
ne
ar
sh
or
e
ar
ea
s
re
qu
ir
in
g
at
te
nt
io
n
ar
e
Sa
gi
na
w
Ba
y,
Pe
ne
ta
ng
—M
id
la
nd
ar
ea
,
Co
ll
in
gw
oo
d,
Ba
yf
ie
ld
—G
od
er
ic
h,
Sp
an
is
h
Ri
ve
r,
an
d
Ow
en
So
un
d.
In
cl
ud
in
g
bi
ot
a
in
th
e
su
rv
ei
ll
an
ce
de
si
gn
is
a
se
co
nd
pr
io
ri
ty
si
nc
e
th
ey
se
rv
e
as
se
ns
it
iv
e
mo
ni
to
rs
to
th
e
mo
re
Su
bt
le
ch
an
ge
s
in
wa
te
r
qu
al
it
y.
Al
l
bi
ol
og
ic
al
co
mm
un
it
ie
s:
be
nt
hi
c,
sh
or
el
in
e
be
nt
hi
c,
ph
yt
op
la
nk
to
n,
zo
op
la
nk
to
n,
an
d
fi
sh
sh
ou
ld
be
co
ns
id
er
ed
.
Fi
sh
ar
e
pa
rt
ic
ul
ar
ly
im
po
rt
—
an
t
fo
r
mo
ni
to
ri
ng
th
e
ac
cu
mu
la
ti
on
of
to
xi
c
su
bs
ta
nc
es
.
Th
es
e
su
bs
ta
nc
es
ex
is
t
in
th
e
wa
te
r
at
le
ve
ls
wh
ic
h
ar
e
fr
eq
ue
nt
ly
to
o
lo
w
fo
r
me
as
ur
em
en
t
bu
t
ca
n
be
ma
gn
if
ie
d
th
ro
ug
h
th
e
fo
od
ch
ai
n
to
le
ve
ls
in
fi
sh
fl
es
h
th
at
are harmful to human health.
U
s
i
n
g
s
t
r
i
c
t
l
y
c
o
n
t
r
o
l
l
e
d
me
th
od
ol
og
y,
wa
te
r
in
ta
ke
s
be
ca
us
e
of
th
ei
r
c
o
n
ve
n
i
e
n
c
e
,
sh
ou
ld
be
sa
mp
le
d
on
a
fr
eq
ue
nt
(a
t
le
as
t
we
ek
ly
)
l
o
n
g
-
t
e
r
m
ba
si
s.
Th
e
s
a
m
p
l
e
s
co
ul
d
ei
th
er
be
an
al
yz
ed
at
th
e
co
ll
ec
ti
ng
la
bo
ra
to
ry
or
p
r
e
s
e
r
v
e
d
o
n
s
i
t
e
a
n
d
s
e
n
t
to
a
n
o
t
h
e
r
la
b
w
i
t
h
th
e
p
r
o
p
e
r
e
x
p
e
r
t
i
s
e
to
conduct the analysis.
A
l
t
h
o
u
g
h
i
t
i
s
b
e
y
o
n
d
t
h
e
s
c
o
p
e
o
f
s
u
r
v
e
i
l
l
a
n
c
e
d
e
s
i
g
n
p
e
r
s
e
,
i
n
t
e
r
l
a
b
o
r
a
t
o
r
y
c
o
m
p
a
r
a
b
i
l
i
t
y
o
f
d
a
t
a
is
e
s
s
e
n
t
i
a
l
a
n
d
s
h
o
u
l
d
b
e
t
h
e
o
b
j
e
c
t
o
f
a
c
o
n
t
i
n
u
i
n
g
e
f
f
o
r
t
in
s
u
p
p
o
r
t
of
s
u
r
v
e
i
l
l
a
n
c
e
.
I
n
c
l
u
d
e
d
in
t
h
i
s
e
f
f
o
r
t
sh
ou
ld
be
a
co
mm
on
da
ta
st
or
ag
e
sy
st
em
.
B
e
c
a
u
s
e
m
o
s
t
o
f
t
h
e
m
a
t
e
r
i
a
l
l
o
a
d
i
n
g
s
t
o
p
r
o
b
l
e
m
a
r
e
a
s
c
o
m
e
f
r
o
m
t
r
i
b
—
ut
ar
ie
s,
s
t
ud
i
e
s
to
a
c
c
o
un
t
fo
r
ch
an
ge
s
of
lo
ad
in
g
sh
ou
ld
co
nc
en
tr
at
e
th
er
e.
A
s
w
e
l
l
,
t
r
i
b
u
t
a
r
i
e
s
w
i
l
l
s
h
o
w
t
h
e
r
e
s
u
l
t
s
of
r
e
m
e
d
i
a
l
m
e
a
s
u
r
e
s
w
h
e
r
e
o
p
e
n
w
a
t
e
r
o
r
e
v
e
n
n
e
a
r
s
h
o
r
e
s
a
m
p
l
i
n
g
m
a
y
no
t.
S
i
n
c
e
a
j
u
s
t
i
f
i
c
a
t
i
o
n
fo
r
r
e
m
e
d
i
a
l
a
c
t
i
o
n
s
w
i
l
l
b
e
e
x
p
e
c
t
e
d
,
t
r
i
b
u
t
a
r
y
s
t
u
d
i
e
s
c
a
n
be
u
s
e
d
to
s
h
o
w
i
m
p
r
o
v
e
m
e
n
t
s
from these programs.
P
r
e
l
i
m
i
n
a
r
y
w
o
r
k
a
t
t
h
e
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
L
a
r
g
e
L
a
k
e
s
R
e
s
e
a
r
c
h
S
t
a
t
i
o
n
,
G
r
o
s
s
e
Il
e,
h
a
s
d
e
m
o
n
s
t
r
a
t
e
d
t
h
a
t
m
o
n
t
h
l
y
s
a
m
p
l
i
n
g
is
1n
-
a
d
e
Q
u
a
t
e
t
o
i
d
e
n
t
i
f
y
a
l
l
m
a
t
e
r
i
a
l
l
o
a
d
i
n
g
s
f
r
o
m
t
r
i
b
u
t
a
r
i
e
s
.
C
o
n
s
e
q
u
e
n
t
l
y
,
I
d
a
i
l
y
s
a
m
p
l
i
n
g
s
h
O
u
l
d
b
e
c
o
n
s
i
d
e
r
e
d
,
p
a
r
t
i
c
u
l
a
r
l
y
fo
r
so
me
s
e
l
e
c
t
e
d
t
r
i
b
u
t
a
r
i
e
s
.
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 P
a
r
a
m
e
t
e
r
s
t
o
b
e
s
t
u
d
i
e
d
i
n
L
a
k
e
H
u
r
o
n
i
n
c
l
u
d
e
t
h
e
o
b
v
i
o
u
s
p
r
o
b
l
e
m
s
o
f
p
h
o
s
p
h
o
r
u
s
a
n
d
h
a
z
a
r
d
o
u
s
m
a
t
e
r
i
a
l
s
.
I
n
a
d
d
i
t
i
o
n
,
s
i
l
i
c
a
d
e
p
l
e
t
i
o
n
,
p
r
e
s
e
n
t
l
y
o
c
c
u
r
r
i
n
g
i
n
t
h
e
e
p
i
l
i
m
n
i
o
n
i
n
l
a
t
e
s
u
m
m
e
r
,
r
e
q
u
i
r
e
s
s
t
u
d
y
b
e
c
a
u
s
e
i
t
c
a
n
r
e
s
u
l
t
i
n
a
s
h
i
f
t
t
o
w
a
r
d
a
b
l
u
e
g
r
e
e
n
—
d
o
m
i
n
a
t
e
d
p
l
a
n
k
t
o
n
c
o
m
m
u
n
i
t
y
.
C
e
r
t
a
i
n
o
t
h
e
r
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
e
v
o
l
v
e
d
f
r
o
m
t
h
e
L
a
k
e
H
u
r
o
n
s
e
s
s
i
o
n
.
W
h
i
l
e
n
o
t
p
r
i
o
r
i
t
i
e
s
f
o
r
d
e
s
i
g
n
,
t
h
e
s
e
i
t
e
m
s
a
r
e
i
m
p
o
r
t
a
n
t
t
o
s
u
r
v
e
i
l
l
a
n
c
e
.
F
i
r
s
t
,
c
e
r
t
a
i
n
p
a
r
a
m
e
t
e
r
s
f
o
r
w
h
i
c
h
o
b
j
e
c
t
i
v
e
s
w
e
r
e
e
s
t
a
b
l
i
s
h
e
d
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
a
r
e
s
e
l
d
o
m
a
p
r
o
b
l
e
m
i
n
t
h
e
o
p
e
n
w
a
t
e
r
s
o
f
L
a
k
e
H
u
r
o
n
a
n
d
a
s
a
r
e
s
u
l
t
,
t
h
e
i
r
s
t
u
d
y
s
h
o
u
l
d
b
e
d
e
—
e
m
p
h
a
s
i
z
e
d
.
I
n
c
l
u
d
e
d
i
n
t
h
i
s
g
r
o
u
p
a
r
e
o
x
y
g
e
n
,
p
H
,
a
n
d
b
a
c
t
e
r
i
a
.
S
e
c
o
n
d
,
t
h
e
r
e
a
r
e
s
o
m
e
o
t
h
e
r
p
a
r
a
m
e
t
e
r
s
r
e
q
u
i
r
i
n
g
o
b
j
e
c
t
i
v
e
s
.
S
i
l
i
c
a
a
n
d
n
i
t
r
a
t
e
,
b
e
c
a
u
s
e
o
f
t
h
e
i
r
r
o
l
e
i
n
d
e
t
e
r
m
i
n
i
n
g
t
h
e
a
m
o
u
n
t
a
n
d
k
i
n
d
s
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
p
r
e
s
e
n
t
,
f
a
l
l
i
n
t
o
t
h
i
s
c
a
t
e
g
o
r
y
.
M
o
r
e
m
e
a
n
i
n
g
f
u
l
b
a
c
t
e
r
i
a
l
p
a
r
a
m
e
t
e
r
s
s
u
c
h
a
s
a
e
r
o
b
i
c
h
e
t
e
r
o
t
r
o
p
h
s
o
r
P
s
e
u
d
o
m
o
n
a
s
c
o
u
n
t
s
s
h
o
u
l
d
r
e
p
l
a
c
e
t
h
e
u
n
r
e
l
i
a
b
l
e
t
o
t
a
l
c
o
l
i
f
o
r
m
m
e
a
s
u
r
e
.
F
i
n
a
l
l
y
,
t
h
e
o
b
j
e
c
t
i
v
e
f
o
r
i
r
o
n
,
3
0
0
U
g
/
l
,
s
h
o
u
l
d
b
e
c
h
a
n
g
e
d
t
o
a
lower value.
COMMENTS
C. SCHELSKE
T
h
e
f
o
l
l
o
w
i
n
g
a
r
e
s
o
m
e
a
d
d
i
t
i
o
n
a
l
c
o
m
m
e
n
t
s
o
n
t
h
e
s
i
x
p
o
i
n
t
s
d
i
S
C
u
s
s
e
d
i
n
t
h
e
w
o
r
k
g
r
o
u
p
.
l
.
N
e
a
r
s
h
o
r
e
A
r
e
a
s
:
M
a
n
y
l
o
c
a
l
i
z
e
d
a
r
e
a
s
f
a
l
l
i
n
t
o
t
h
i
s
c
a
t
e
g
o
r
y
.
B
e
c
a
u
s
e
s
p
a
t
i
a
l
a
n
d
t
e
m
p
o
r
a
l
c
h
a
n
g
e
s
c
a
n
b
e
g
r
e
a
t
,
e
x
t
e
n
s
i
v
e
a
n
d
p
e
r
h
a
p
s
c
o
n
t
i
n
u
o
u
s
m
o
n
i
t
o
r
i
n
g
i
s
n
e
e
d
e
d
t
o
e
v
a
l
u
a
t
e
w
a
t
e
r
q
u
a
l
i
t
y
.
T
h
e
n
u
m
b
e
r
o
f
p
o
t
e
n
t
i
a
l
p
r
o
b
l
e
m
s
c
a
n
b
e
r
e
d
u
c
e
d
b
y
c
a
r
e
f
u
l
l
y
d
e
t
e
r
m
i
n
i
n
g
t
h
e
a
m
o
u
n
t
a
n
d
e
x
t
e
n
t
o
f
s
u
r
v
e
i
l
l
a
n
c
e
r
e
q
u
i
r
e
d
f
o
r
e
a
c
h
site.
2. Biota:
T
h
e
b
i
o
t
a
c
a
n
s
e
r
v
e
t
w
o
p
u
r
p
o
s
e
s
i
n
s
u
r
v
e
i
l
l
a
n
c
e
.
O
n
e
i
s
t
h
e
i
r
a
b
i
l
i
t
y
t
o
a
c
c
u
m
u
l
a
t
e
m
a
n
y
h
a
z
a
r
d
o
u
s
s
u
b
s
t
a
n
c
e
s
s
u
c
h
a
s
P
C
B
s
a
n
d
D
D
T
w
h
i
c
h
a
r
e
f
o
u
n
d
i
n
g
r
e
a
t
e
r
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
b
i
o
t
a
t
h
a
n
i
n
t
h
e
s
u
r
r
o
u
n
d
i
n
g
w
a
t
e
r
.
T
h
e
o
t
h
e
r
i
s
t
h
e
i
r
s
e
n
s
i
t
i
v
i
t
y
t
o
s
u
b
t
l
e
c
h
a
n
g
e
s
i
n
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
t
h
a
t
m
a
y
n
o
t
b
e
d
e
t
e
c
t
e
d
b
y
c
h
e
m
i
c
a
l
a
n
d
p
h
y
s
i
c
a
l
m
e
a
s
u
r
e
m
e
n
t
s
.
T
h
i
s
s
e
n
s
i
t
i
v
i
t
y
c
a
n
b
e
a
t
t
r
i
b
u
t
e
d
i
n
p
a
r
t
t
o
t
h
e
s
m
a
l
l
t
o
l
e
r
a
n
c
e
o
f
m
a
n
y
s
p
e
c
i
e
s
t
o
v
a
r
i
a
t
i
o
n
s
i
n
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
.
A
n
y
c
h
a
n
g
e
i
n
s
p
e
c
i
e
s
c
o
m
p
o
s
i
t
i
o
n
t
h
e
n
w
o
u
l
d
b
e
d
u
e
t
o
e
n
v
i
r
o
n
m
e
n
t
a
l
c
h
a
n
g
e
e
v
e
n
t
h
o
u
g
h
t
h
e
c
a
u
s
a
l
m
e
c
h
a
n
i
s
m
m
a
y
b
e
u
n
k
n
o
w
n
o
r
p
o
o
r
l
y
u
n
d
e
r
s
t
o
o
d
.
F
o
r
t
h
e
p
u
r
p
o
s
e
s
o
f
t
h
i
s
r
e
p
o
r
t
,
I
c
a
n
s
u
m
m
a
r
i
z
e
t
h
i
s
p
o
i
n
t
b
y
s
t
a
t
i
n
g
t
h
a
t
t
h
e
r
e
l
a
t
i
o
n
s
h
i
p
s
d
e
s
c
r
i
b
e
d
a
b
o
v
e
w
i
l
l
g
e
n
e
r
a
l
l
y
b
e
a
c
c
e
p
t
e
d
b
y
m
a
n
y
b
i
o
l
o
g
i
s
t
s
.
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 Bio
log
ist
s m
ay
not
agr
ee
on
wha
t o
rga
nis
ms
wou
ld
be
mos
t s
uit
abl
e f
or
su
rv
ei
ll
an
ce
,
al
th
ou
gh
hi
st
or
ic
al
ly
ph
yt
op
la
nk
to
n
ma
y
ha
ve
be
en
us
ed
mo
st
wi
de
ly
.
In
th
e
Gr
ea
t
La
ke
s,
ch
an
ge
s
in
ph
yt
op
la
nk
to
n
sp
ec
ie
s
co
mp
os
it
io
n
hav
e b
een
doc
ume
nte
d b
y D
avi
s a
nd
Hoh
n f
or
Lak
e E
rie
,
and
by
Dam
ann
,
Sto
erm
er
and
Yan
g f
or
Lak
e M
ich
iga
n.
Res
pon
ses
of
dif
fer
ent
gro
ups
of
org
ani
sms
,
inc
lud
ing
phy
top
lan
kto
n,
zoo
pla
nkt
on,
and
ben
tho
s,
to
env
iro
n-
men
tal
str
ess
in
the
Gre
at
Lak
es
hav
e
bee
n
rev
iew
ed
a n
umb
er
of
tim
es,
mos
t
rec
ent
ly
at
the
Sec
ond
Con
fer
enc
e
of
the
Int
era
gen
cy
Com
mit
tee
for
Mar
ine
Sci
enc
e
and
Eng
ine
eri
ng
hel
d
at
Arg
onn
e N
ati
ona
l
Lab
ora
tor
y,
Mar
ch
25—
27,
197
5.
Noe
l H
yne
s,
at
thi
s w
ork
sho
p,
dev
elo
ped
an
exc
ell
ent
rat
ion
ale
for
us
in
g
pe
ri
ph
yt
ic
co
mm
un
it
ie
s
on
ro
ck
y,
wa
ve
—e
xp
os
ed
sh
or
es
to
de
te
ct
en
vi
ro
n—
m
e
n
t
a
l
c
h
a
n
g
e
s
.
I w
oul
d s
tro
ngl
y r
eco
mme
nd
tha
t d
ata
on
bio
log
ica
l c
omm
uni
tie
s b
e
in
cl
ud
ed
in
su
rv
ei
ll
an
ce
pl
an
s.
Da
ta
mu
st
be
co
ll
ec
te
d
re
gu
la
rl
y
at
fr
e—
qu
en
ci
es
de
te
rm
in
ed
by
th
e
ty
pe
s
of
or
ga
ni
sm
s
be
in
g
sa
mp
le
d.
An
nu
al
sa
mp
li
ng
is
pr
ob
ab
ly
ad
eq
ua
te
for
ma
ny
be
nt
hi
c
for
ms,
wh
il
e
we
ek
ly
sa
mp
le
s
of
th
e
pl
an
kt
on
mi
gh
t
be
re
qu
ir
ed
to
pr
ov
id
e
a
co
mp
re
he
ns
iv
e
an
al
ys
is
of
th
e
se
as
on
al
va
ri
at
io
n
in
sp
ec
ie
s
co
mp
os
it
io
n.
Th
re
e
co
ll
ec
ti
on
s
pe
r
ye
ar
wo
ul
d
be
th
e
mi
ni
mu
m
fo
r
bi
ol
og
ic
al
sa
mp
li
ng
.
Su
ff
ic
ie
nt
ti
me
an
d
fu
nd
in
g
sh
ou
ld
be
gi
ve
n
to
te
st
in
g
th
e
de
si
gn
of
th
e
bi
ol
og
ic
al
mo
ni
to
ri
ng
an
d
su
rv
ei
ll
an
ce
pr
og
ra
m
in
or
de
r
to
en
su
re
th
at
as
mu
ch
da
ta
as
po
ss
ib
le
ca
n
be
ut
il
iz
ed
.
If
fe
as
ib
le
,
th
e
sa
me
ty
pe
of
de
vi
ce
s
fo
r
sa
mp
li
ng
bi
ot
a
sh
ou
ld
be
em
pl
oy
ed
in
di
ff
er
en
t
se
ct
io
ns
of
La
ke
Hu
ro
n.
Ot
he
rw
is
e,
th
e
li
mi
ta
ti
on
s
an
d
co
mp
ar
ab
il
it
y
of
co
ll
ec
ti
on
s
fr
om
di
ff
er
en
t
in
st
ru
me
nt
s
sh
ou
ld
be
de
te
rm
in
ed
.
Ve
ry
pr
ec
is
e
es
ti
ma
te
s
of
ab
un
da
nc
e
ma
yn
ot
be
re
qu
ir
ed
to
de
te
rm
in
e
wh
et
he
r
sp
ec
ie
s
co
mp
os
it
io
n
ch
an
ge
s
wi
th
ti
me
.
Gi
ve
n
th
e
co
ns
tr
ai
nt
s
of
sa
mp
li
ng
bi
ol
og
ic
al
po
pu
la
ti
on
s,
ex
te
ns
iv
e
qu
an
ti
ta
ti
ve
st
ud
ie
s
ma
y
al
so
be
im
pr
ac
ti
ca
l.
Us
in
g
re
la
ti
ve
ly
cr
ud
e
qu
an
ti
ta
ti
ve
es
ti
ma
te
s
on
th
e
do
mi
na
nt
or
ga
ni
sm
s,
it
is
po
ss
ib
le
to
de
te
ct
ch
an
ge
s
in
sp
ec
ie
s
co
mp
os
it
io
n
wi
th
ti
me
.
A
pr
og
ra
m
fo
r
de
te
ct
in
g
ch
an
ge
s
in
sp
ec
ie
s
co
mp
os
it
io
n
is
mo
re
ec
on
om
ic
al
th
an
a
pr
og
ra
m
wh
ic
h
wo
ul
d
al
so
pr
ov
id
e
da
ta
on
ch
an
ge
s
in
ab
un
da
nc
e
of
ma
ny
sp
ec
ie
s.
Bo
th
,
of
co
ur
se
,
ar
e
im
po
rt
an
t
an
d
co
ul
d
pr
ov
id
e
us
ef
ul
da
ta
fo
r
su
rv
ei
ll
an
ce
.
Ph
yt
op
la
nk
to
n
ap
pe
ar
to
be
th
e
be
st
gr
ou
p
of
or
ga
ni
sm
s
fo
r
bi
ol
og
ic
al
su
rv
ei
ll
an
ce
si
nc
e
th
er
e
ar
e
ma
ny
mo
re
sp
ec
ie
s
th
an
in
ot
he
r
gr
ou
ps
,
th
e
tr
op
hi
c
re
la
ti
on
sh
ip
s
ar
e
re
la
ti
ve
ly
We
ll
kn
ow
n
an
d
th
ey
re
sp
on
d
di
re
ct
ly
to nutrient enrichment.
An
ot
he
r
go
al
of
bi
ol
og
ic
al
su
rv
ei
ll
an
ce
is
to
ev
en
tu
al
ly
de
te
rm
in
e
wh
ic
h
or
ga
ni
sm
s
ar
e
mo
st
su
sc
ep
ti
bl
e
to
in
di
vi
du
al
co
nt
am
in
an
ts
.
In
s
u
m
m
a
r
y
,
e
n
v
i
r
o
n
m
e
n
t
a
l
c
h
a
n
g
e
is
a
c
o
m
p
l
e
x
p
r
o
b
l
e
m
t
h
a
t
m
u
s
t
b
e
vi
ew
ed
fr
om
ma
ny
st
an
dp
oi
nt
s.
In
La
ke
Hu
ro
n,
th
e
op
en
la
ke
pr
es
en
ts
on
e
Ca
se
wh
er
ea
s
th
e
ne
ar
sh
or
e
ar
ea
s
an
d
ba
ys
pr
es
en
t
se
ve
ra
l
pr
ob
le
ms
.
3. Municipal Water Intakes:
A
l
t
h
o
u
g
h
t
h
e
u
s
e
f
u
l
n
e
s
s
o
f
d
a
t
a
f
r
O
m
t
h
e
s
e
s
o
u
r
c
e
s
f
o
r
s
u
r
v
e
i
l
l
a
n
c
e
is
p
r
e
s
e
n
t
l
y
un
k
n
o
wn
,
th
e
fe
w
st
ud
ie
s
do
ne
(B
ee
to
n
on
ch
em
ic
al
ch
an
ge
s
an
d
Da
vi
s
 
0
n
P
h
y
t
o
p
l
a
n
k
t
o
n
,
f
o
r
e
x
a
m
p
l
e
)
h
a
v
e
s
h
o
w
n
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
a
n
a
l
y
z
i
n
g
r
e
l
a
t
i
v
e
l
y
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 l
o
n
g
t
e
r
m
s
e
r
i
e
s
o
f
t
h
e
d
a
t
a
.
T
h
e
s
e
s
t
u
d
i
e
s
,
i
t
m
u
s
t
b
e
n
o
t
e
d
,
e
m
p
l
o
y
e
d
d
a
t
a
w
h
i
c
h
w
a
s
n
o
t
c
o
l
l
e
c
t
e
d
s
p
e
c
i
f
i
c
a
l
l
y
f
o
r
s
u
r
v
e
i
l
l
a
n
c
e
p
u
r
p
o
s
e
s
.
F
o
r
m
a
l
p
l
a
n
s
t
o
u
t
i
l
i
z
e
t
h
e
s
e
s
o
u
r
c
e
s
f
o
r
d
a
t
a
a
r
e
n
e
c
e
s
s
a
r
y
a
n
d
s
h
o
u
l
d
i
n
c
l
u
d
e
p
a
r
a
m
e
t
e
r
s
t
o
b
e
m
e
a
s
u
r
e
d
,
f
r
e
q
u
e
n
c
y
o
f
m
e
a
s
u
r
e
m
e
n
t
,
m
e
t
h
o
d
s
f
o
r
q
u
a
l
i
t
y
c
o
n
t
r
o
l
,
a
n
d
m
e
a
n
s
f
o
r
r
e
p
o
r
t
i
n
g
a
n
d
s
t
o
r
i
n
g
d
a
t
a
.
H
o
w
m
u
c
h
w
o
r
k
o
f
t
h
i
s
t
y
p
e
i
s
n
e
e
d
e
d
w
i
l
l
b
e
d
e
t
e
r
m
i
n
e
d
i
n
p
a
r
t
f
r
o
m
t
h
e
g
e
n
e
r
a
l
s
u
r
-
v
e
i
l
l
a
n
c
e
s
t
r
a
t
e
g
y
f
o
r
t
h
e
G
r
e
a
t
L
a
k
e
s
.
S
i
n
c
e
t
h
e
p
a
r
a
m
e
t
e
r
s
m
e
a
s
u
r
e
d
a
t
i
n
t
a
k
e
s
r
e
f
l
e
c
t
q
u
a
l
i
t
y
o
f
d
r
i
n
k
i
n
g
w
a
t
e
r
a
n
d
i
n
s
o
m
e
c
a
s
e
s
r
e
p
r
e
s
e
n
t
o
n
l
y
l
o
c
a
l
i
z
e
d
c
o
n
d
i
t
i
o
n
s
,
t
h
e
d
a
t
a
c
o
u
l
d
b
e
u
s
e
d
t
o
a
s
s
e
s
s
w
a
t
e
r
q
u
a
l
i
t
y
i
n
p
o
t
e
n
t
i
a
l
o
r
a
c
t
u
a
l
n
e
a
r
s
h
o
r
e
p
r
o
b
l
e
m
a
r
e
a
s
,
b
u
t
n
o
t
t
r
e
n
d
s
i
n
t
h
e
e
n
t
i
r
e
l
a
k
e
.
S
p
e
c
i
a
l
a
t
t
e
n
t
i
o
n
s
h
o
u
l
d
b
e
g
i
v
e
n
t
o
D
e
t
r
o
i
t
'
s
n
e
w
i
n
t
a
k
e
i
n
s
o
u
t
h
e
r
n
L
a
k
e
H
u
r
o
n
t
o
d
e
t
e
r
m
i
n
e
w
h
e
t
h
e
r
d
a
t
a
f
r
o
m
t
h
i
s
i
n
t
a
k
e
w
i
l
l
b
e
r
e
p
r
e
s
e
n
t
a
t
i
v
e
o
f
c
o
n
d
i
t
i
o
n
s
i
n
t
h
e
o
p
e
n
l
a
k
e
.
A
t
p
r
e
s
e
n
t
,
L
a
k
e
H
u
r
o
n
w
a
t
e
r
i
n
t
a
k
e
s
l
o
c
a
t
e
d
i
n
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
p
p
e
a
r
t
o
b
e
u
n
d
e
r
s
a
m
p
l
e
d
w
i
t
h
t
h
e
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
s
a
m
p
l
i
n
g
s
o
m
e
i
n
t
a
k
e
s
b
i
m
o
n
t
h
l
y
.
0
n
t
h
e
C
a
n
a
d
i
a
n
s
i
d
e
o
f
t
h
e
l
a
k
e
h
o
w
e
v
e
r
,
t
h
e
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
h
a
s
b
e
e
n
c
o
l
l
e
c
t
i
n
g
m
o
n
t
h
l
y
s
a
m
p
l
e
s
f
r
o
m
c
e
r
t
a
i
n
i
n
t
a
k
e
s
.
C
o
n
s
i
d
e
r
i
n
g
t
h
a
t
i
n
t
a
k
e
s
i
n
o
t
h
e
r
l
a
k
e
s
a
r
e
s
a
m
p
l
e
d
d
a
i
l
y
,
a
t
l
e
a
s
t
s
o
m
e
o
f
t
h
e
i
n
t
a
k
e
s
o
n
L
a
k
e
H
u
r
o
n
s
h
o
u
l
d
b
e
m
o
n
i
t
o
r
e
d
m
o
r
e
frequently.
4
.
D
a
t
a
C
o
m
p
a
r
a
b
i
l
i
t
y
:
A
d
d
i
t
i
o
n
a
l
a
t
t
e
n
t
i
o
n
s
h
o
u
l
d
b
e
g
i
v
e
n
t
o
t
h
e
n
e
e
d
f
o
r
c
o
o
r
d
i
n
a
t
e
d
d
a
t
a
c
o
l
l
e
c
t
i
o
n
,
s
t
o
r
a
g
e
a
n
d
a
n
a
l
y
s
i
s
.
I
n
p
a
r
t
i
c
u
l
a
r
,
m
o
d
e
l
s
s
u
c
h
a
s
t
h
e
o
n
e
i
n
c
l
u
d
e
d
i
n
t
h
e
"
G
e
n
e
r
a
l
S
u
r
v
e
i
l
l
a
n
c
e
D
e
s
i
g
n
G
u
i
d
e
l
i
n
e
s
"
d
i
s
t
r
i
b
u
t
e
d
a
t
t
h
e
m
e
e
t
i
n
g
r
e
q
u
i
r
e
u
n
i
f
o
r
m
d
a
t
a
i
n
p
u
t
f
r
o
m
a
l
l
s
o
u
r
c
e
s
.
5.
M
a
t
e
r
i
a
l
L
o
a
d
i
n
g
S
t
u
d
i
e
s
:
W
h
e
n
p
l
a
n
n
i
n
g
p
r
o
g
r
a
m
m
e
s
f
o
r
n
e
a
r
s
h
o
r
e
a
r
e
a
s
a
n
d
b
a
y
s
,
p
r
i
o
r
i
t
i
e
s
f
o
r
a
s
s
e
s
s
i
n
g
m
a
t
e
r
i
a
l
l
o
a
d
i
n
g
s
m
us
t
b
e
e
s
t
a
b
l
i
s
h
e
d
as
w
e
l
l
as
e
xa
c
t
l
y
wh
a
t
is
b
e
i
n
g
s
o
u
g
h
t
f
r
o
m
t
h
e
p
r
o
g
r
a
m
.
S
i
n
c
e
t
h
e
b
e
s
t
s
t
r
a
t
e
g
i
e
s
a
n
d
d
e
s
i
g
n
s
v
a
r
y
a
c
c
o
r
d
i
n
g
to
th
e
s
o
ur
c
e
s
b
e
i
n
g
sa
mp
le
d,
th
ey
m
us
t
be
g
i
ve
n
c
a
r
e
f
ul
a
t
t
e
n
t
i
o
n
site by site.
6.
S
u
r
v
e
i
l
l
a
n
c
e
P
a
r
a
m
e
t
e
r
s
:
In
La
ke
Hu
ro
n,
wh
er
e
wa
te
r
qu
al
it
y
is
ex
ce
ll
en
t
co
mp
ar
ed
to
th
e
lo
we
r
G
r
e
a
t
La
ke
s,
s
u
r
v
e
i
l
l
a
n
c
e
p
a
r
a
m
e
t
e
r
s
sh
o
ul
d
d
i
f
f
e
r
f
r
o
m
t
h
o
s
e
fo
r
L
a
k
e
E
r
i
e
an
d
La
ke
On
ta
ri
o.
Th
e
qu
an
ti
ty
an
d
po
te
nt
ia
l
si
gn
if
ic
an
ce
of
ha
za
rd
ou
s
ma
te
ri
al
s
is
on
e
of
th
e
mo
st
im
po
rt
an
t
co
ns
id
er
at
io
ns
.
If
ha
za
rd
ou
s
ma
te
ri
al
s
or
ig
in
at
e
fr
om
lo
ca
li
ze
d
so
ur
ce
s
th
en
su
rv
ei
ll
an
ce
ca
n
po
ss
ib
ly
be
re
st
ri
ct
ed
to
th
e
re
la
ti
ve
ly
sm
al
l
af
fe
ct
ed
ar
ea
s.
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 Ph
os
ph
or
us
is
th
e
mo
st
si
gn
if
ic
an
t
co
nt
ri
bu
to
r
to
eu
tr
op
hi
ca
ti
on
.
It
in
cr
ea
se
s
gr
ow
th
0f
ph
yt
op
la
nk
to
n
an
d
si
li
ca
up
ta
ke
by
di
at
om
s.
tr
Op
hi
c
en
vi
ro
nm
en
ts
li
ke
La
ke
Hu
ro
n
it
is
ea
si
er
to
qu
an
ti
fy
si
li
ca
de
pl
et
io
n
in
th
e
eu
ph
ot
ic
zo
ne
th
an
to
de
te
rm
in
e
th
e
ch
an
ge
s
in
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
c
a
u
s
i
n
g
t
h
e
i
n
c
r
e
a
s
e
d
g
r
o
w
t
h
o
f
d
i
a
t
o
m
s
.
In oligo—
Utilization of silica by diatoms then
is
a
mu
ch
mo
re
se
ns
it
iv
e
in
di
ca
to
r
of
ph
os
ph
or
us
en
ri
ch
me
nt
.
De
pl
et
io
n
of
ni
tr
at
e,
li
ke
de
pl
et
io
n
of
si
li
ca
,
is
al
so
a
mo
re
se
n—
si
ti
ve
in
di
ca
to
r
of
ph
os
ph
or
us
en
ri
ch
me
nt
in
th
e
up
pe
r
Gr
ea
t L
ak
es
th
an
an
y
p
a
r
a
m
e
t
e
r
e
v
a
l
u
a
t
e
d
t
o
d
a
t
e
.
de
ta
il
in
my
pa
pe
r
"S
il
ic
a
an
d
ni
tr
at
e
de
pl
et
io
n
as
re
la
te
d
to
eu
tr
o—
ph
ic
at
io
n
in
la
ke
s
Mi
ch
ig
an
,
Hu
ro
n
an
d
Su
pe
ri
or
"
(i
n
Ha
sl
er
,
A.
D.
,
ed
.
C
o
u
p
l
i
n
g
o
f
l
a
n
d
a
n
d
w
a
t
e
r
s
y
s
t
e
m
s
.
p
p
.
2
7
7
—
2
9
8
)
.
In
su
mm
ar
y,
th
e
in
di
re
ct
ef
fe
ct
s
of
ph
os
ph
or
us
en
ri
ch
me
nt
ar
e
gr
ea
te
r
fr
om
th
e
st
an
dp
oi
nt
of
en
vi
ro
nm
en
ta
l
ch
an
ge
th
an
fi
rs
t
mi
gh
t
be
ex
pe
ct
ed
fr
om
re
la
ti
ve
ly
sm
al
l
in
cr
ea
se
s
in
ph
os
ph
or
us
co
nc
en
tr
at
io
ns
.
n
i
t
ud
e
of
th
e
p
h
o
s
p
h
o
r
us
in
cr
ea
se
ne
ed
ed
to
pr
od
uc
e
th
e
ch
an
ge
is
no
t
kn
ow
n,
bu
t
it
co
ul
d
re
su
lt
fr
om
an
av
er
ag
e
in
cr
ea
se
of
on
ly
a
fe
w
te
nt
hs
of
a
m
i
c
r
o
g
r
a
m
pe
r
li
tr
e,
wh
i
c
h
m
i
g
h
t
be
im
po
ss
ib
le
to
de
te
ct
in
th
e
la
ke
.
P
r
o
c
e
s
s
e
s
of
t
h
i
s
t
y
p
e
in
l
a
r
g
e
a
q
u
a
t
i
c
s
y
s
t
e
m
s
w
i
t
h
r
e
l
a
t
i
v
e
l
y
l
o
n
g
r
e
s
i
d
e
n
c
e
t
i
m
e
s
p
o
i
n
t
to
t
h
e
n
e
e
d
fo
r
l
i
m
i
t
i
n
g
p
h
o
s
p
h
o
r
u
s
i
n
p
ut
s
as
m
u
c
h
as
i
s
p
r
a
c
t
i
c
a
l
l
y
p
o
s
s
i
b
l
e
.
I
t
m
a
k
e
s
l
i
t
t
l
e
s
e
n
s
e
to
m
e
a
s
u
r
e
p
a
r
a
m
e
t
e
r
s
s
u
c
h
as
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
,
p
H
a
n
d
b
a
c
t
e
r
i
a
w
h
i
c
h
a
r
e
n
o
t
p
r
o
b
l
e
m
s
i
n
L
a
k
e
H
u
r
o
n
,
p
a
r
t
i
c
u
l
a
r
l
y
w
h
e
n
o
t
h
e
r
e
n
v
i
r
o
n
m
e
n
t
a
l
c
o
n
d
i
t
i
o
n
s
,
n
a
m
e
l
y
s
i
l
i
c
a
a
n
d
n
i
t
r
a
t
e
d
e
p
l
e
t
i
o
n
a
n
d
b
i
o
l
o
g
i
c
a
l
c
o
m
m
u
n
i
t
i
e
s
,
m
a
y
b
e
a
f
f
e
c
t
e
d
b
y
e
n
v
i
r
o
n
m
e
n
t
a
l
s
t
r
e
s
s
e
s
.
T
h
e
e
x
a
m
p
l
e
s
c
i
t
e
d
i
n
d
i
c
a
t
e
t
h
e
p
o
s
s
i
b
l
e
n
e
e
d
f
o
r
d
i
f
f
e
r
e
n
t
o
b
j
e
c
t
i
v
e
s
f
o
r
t
h
e
u
p
p
e
r
a
n
d
l
o
w
e
r
G
r
e
a
t
L
a
k
e
s
.
I
n
a
d
d
i
t
i
o
n
t
o
t
h
e
p
r
i
o
r
i
t
i
e
s
m
e
n
t
i
o
n
e
d
a
b
o
v
e
,
m
y
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
f
o
r
surveillance are:
1.
These subjects are discussed in greater
New York, Springer — Verlag, 1975.
The mag—
A
s
e
p
a
r
a
t
e
s
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
s
h
o
u
l
d
b
e
e
s
t
a
b
l
i
s
h
e
d
f
o
r
e
a
c
h
a
r
e
a
;
S
a
g
i
n
a
w
B
a
y
a
n
d
G
e
o
r
g
i
a
n
B
a
y
a
r
e
d
e
f
i
n
e
d
a
s
n
e
a
r
s
h
o
r
e
a
r
e
a
s
.
S
e
v
e
r
a
l
d
i
f
f
e
r
e
n
t
d
e
s
i
g
n
s
w
i
l
l
b
e
n
e
e
d
e
d
d
e
p
e
n
d
i
n
g
o
n
t
h
e
n
a
t
u
r
e
o
f
t
h
e
p
r
o
b
l
e
m
s
i
n
s
p
e
c
i
f
i
c
a
r
e
a
s
a
n
d
s
h
o
u
l
d
i
n
c
l
u
d
e
p
r
o
v
i
s
i
o
n
s
f
o
r
o
b
t
a
i
n
i
n
g
c
o
m
p
a
r
a
b
l
e
d
a
t
a
f
o
r
a
l
l
a
r
e
a
s
.
A
u
n
i
f
i
e
d
s
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
s
h
o
u
l
d
b
e
d
e
s
i
g
n
e
d
f
o
r
t
h
e
o
p
e
n
w
a
t
e
r
s
o
f
t
h
e
t
h
r
e
e
u
p
p
e
r
G
r
e
a
t
L
a
k
e
s
w
h
i
c
h
,
b
y
l
o
g
i
c
,
c
a
n
b
e
c
o
n
s
i
d
e
r
e
d
c
o
l
l
e
c
t
i
v
e
l
y
s
i
n
c
e
t
h
e
m
a
j
o
r
i
n
p
u
t
s
t
o
L
a
k
e
H
u
r
o
n
a
r
e
t
h
e
o
u
t
f
l
o
w
s
f
r
o
m
l
a
k
e
s
S
u
p
e
r
i
o
r
a
n
d
M
i
c
h
i
g
a
n
.
T
h
i
s
p
r
o
g
r
a
m
s
h
o
u
l
d
f
u
r
n
i
s
h
d
a
t
a
f
o
r
a
m
o
d
e
l
o
f
m
a
t
e
r
i
a
l
b
a
l
a
n
c
e
s
i
n
t
h
e
l
a
k
e
s
,
e
m
p
h
a
s
i
z
i
n
g
a
s
f
e
w
a
s
f
o
u
r
p
a
r
a
m
e
t
e
r
s
:
c
h
l
o
r
i
d
e
,
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
,
d
i
s
s
o
l
v
e
d
r
e
a
c
t
i
v
e
s
i
l
i
c
a
a
n
d
n
i
t
r
a
t
e
n
i
t
r
o
g
e
n
.
C
h
l
o
r
i
d
e
w
o
u
l
d
b
e
m
e
a
s
u
r
e
d
t
o
p
r
o
v
i
d
e
d
a
t
a
o
n
a
c
o
n
s
e
r
v
a
t
i
v
e
s
u
b
s
t
a
n
c
e
.
T
h
e
m
e
a
S
u
r
i
n
g
n
u
t
r
i
e
n
t
s
w
o
u
l
d
d
e
t
e
r
m
i
n
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
a
n
d
m
a
s
s
b
a
l
a
n
c
e
s
o
f
p
h
o
s
p
h
o
r
u
s
a
s
w
e
l
l
a
s
m
a
s
s
b
a
l
a
n
c
e
s
a
n
d
d
e
p
l
e
t
i
o
n
o
f
s
i
l
i
c
a
a
n
d
n
i
t
r
a
t
e
i
n
e
a
c
h
l
a
k
e
.
T
w
o
s
e
t
s
o
f
s
a
m
p
l
e
s
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 wo
ul
d
be
re
qu
ir
ed
an
nu
al
ly
,
al
th
ou
gh
sa
mp
li
ng
co
ul
d
be
re
du
ce
d
gr
ea
tl
y
if
La
ke
Su
pe
ri
or
we
re
co
ns
id
er
ed
as
a
tr
ib
ut
ar
y
th
er
eb
y
el
im
in
at
in
g
th
e
ne
ed
to
me
as
ur
e
it
s
ma
ss
ba
la
nc
es
of
nu
tr
ie
nt
s.
Sur
vei
lla
nce
sam
pli
ng
sho
uld
be
con
duc
ted
ann
ual
ly
unt
il
the
re
is
re
as
on
ab
le
as
su
ra
nc
e
th
at
ba
se
li
ne
co
nd
it
io
ns
ha
ve
be
en
es
ta
bl
is
he
d.
Aft
erw
ard
s,
les
s
fre
que
nt
sam
pli
ng
mig
ht
suf
fic
e.
Kno
win
g
the
pro
ble
ms
of
sam
pli
ng
lar
ge
bod
ies
of
wat
er
and
tha
t
the
bas
eli
ne
may
be
cha
ngi
ng,
one
wou
ld
exp
ect
int
uit
ive
ly
tha
t
mor
e
tha
n
thr
ee
poi
nts
wou
ld
be
nee
ded
to
fit
a c
urv
e
to
the
dat
a.
It
is
the
ref
ore
evi
den
t
tha
t
sev
era
l
yea
rs
of
sam
pli
ng
wou
ld
be
nec
ess
ary
and
tha
t
lon
g—t
erm
dat
a w
oul
d
als
o b
e
des
ira
ble
for
oth
er
pur
pos
es.
An
att
emp
t
sho
uld
be
mad
e
to
det
erm
ine
whe
the
r
ann
ual
sam
pli
ng
cou
ld
mee
t
cer
tai
n
sur
vei
lla
nce
req
uir
eme
nts
.
It
is
pos
sib
le
tha
t
the
des
ign
pro
pos
ed
und
er
the
sec
ond
rec
omm
end
ati
on
cou
ld
be
acc
omp
lis
hed
by
win
ter
sam
pli
ng
of
the
ope
n l
ake
whe
n h
omo
gen
eou
s
con
dit
ion
s a
re
app
roa
che
d.
Thu
s m
ass
bal
anc
es
in
the
lak
es
can
be
cal
cul
ate
d
fro
m a
rel
ati
vel
y
sma
ll
num
ber
of
sam
ple
s.
The
use
ful
nes
s_o
f w
ate
r i
nta
ke
dat
a i
n s
urv
eil
lan
ce
mod
els
mus
t
be
det
erm
ine
d t
hro
ugh
the
use
of
dat
a f
rom
int
ake
s a
nd
the
ope
n
lak
e.
Thi
s m
ay
be
pos
sib
le
if
dat
a c
omp
ara
ble
to
tha
t f
rom
ope
n
lak
e c
oll
ect
ion
s
on
Lak
e
Hur
on
in
197
1,
197
4
and
197
5
are
available from the intakes.
Sta
tis
tic
al
ind
ice
s
bas
ed
on
sev
era
l
par
ame
ter
s
sho
uld
be
inv
est
iga
ted
to
det
erm
ine
the
ir
uti
lit
y f
or
sur
vei
lla
nce
.
Whi
le
the
se
ind
ice
s m
igh
t b
e m
ore
use
ful
in
the
low
er
lak
es,
the
y c
oul
d
also be applied to the upper lakes.
Fin
all
y,
I w
oul
d a
gai
n r
eco
mme
nd
tha
t s
urv
eil
lan
ce
des
ign
s i
ncl
ude
the analysis of biological communities.
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Point Sources
Significant point sources for Lake Michigan are tributaries, harbors
and municipal and industrial outfalls.
The tributary monitoring program now carried out in the states should
be expanded to include conditions in the following harbors: Sheboygan,
Manitowoc, Racine, Benton Harbor, Grand Haven, Muskegon, Ludington, Manistee,
Traverse City and Manistique.
Tributaries should be monitored at least twice—monthly when the inten—
sive whole—lake program is underway, so that lake conditions — at the minimum,
estimates of loading — can be related to sources. Monitoring should include
unusual discharge conditions.
Loading from outfalls in the lake proper should be included in the
tributary monitoring program.
Diffuse Sources
Dif
fus
e
sou
rce
s
for
Lak
e M
ich
iga
n
inc
lud
e
atm
osp
her
ic
inp
uts
,
sur
fac
e
run
off
and
rec
ycl
ing
of
mat
eri
als
fro
m t
he
sed
ime
nt
by
che
mic
al
act
ion
and
sol
uti
on
or
by
act
ive
tra
nsp
ort
by
org
ani
sms
.
The
wor
k g
rou
p f
ocu
sse
d
particularly on atmospheric sources.
Mo
nt
hl
y,
in
te
gr
at
ed
,
bu
lk
pr
ec
ip
it
at
io
n
sa
mp
le
s
ar
e
be
in
g
co
ll
ec
te
d
at
20
loc
ati
ons
aro
und
Lak
e M
ich
iga
n b
y t
he
Uni
ver
sit
y o
f W
isc
ons
in.
The
se
sta
tio
ns
plu
s
sev
era
l
est
abl
ish
ed
by
the
Sta
te
of
Mic
hig
an
sho
uld
be
mai
n—
tai
ned
dur
ing
197
6.
Emp
has
is
in
the
Wis
con
sin
pro
jec
t
is
on
pho
sph
oru
s
loa
din
g,
alt
hou
gh
ana
lys
es
are
als
o b
ein
g m
ade
for
pH,
spe
cif
ic
con
duc
tan
ce,
sul
fa
te
,
si
li
ca
,
ch
lo
ri
de
,
to
ta
l-
N,
to
ta
l
di
ss
ol
ve
d-
N,
to
ta
l
or
ga
ni
c
ca
rb
on
,
di
ss
ol
ve
d
or
ga
ni
c
ca
rb
on
,
Ca,
Mg,
Na,
K,
and
to
ta
l
pa
rt
ic
ul
at
es
.
Ar
ra
ng
e-
men
ts
sho
uld
be
mad
e
to
inc
lud
e
ana
lys
es
for
hea
vy
met
als
.
Th
e
at
mo
sp
he
ri
c
mo
ni
to
ri
ng
pr
og
ra
m
fo
r
th
e
Gr
ea
t
La
ke
s
ca
ll
s
fo
r
a
to
ta
l
of
20
st
at
io
ns
th
ro
ug
ho
ut
th
e
ba
si
n.
Un
ti
l
mo
re
da
ta
ar
e
av
ai
la
bl
e.
fr
om
th
e
Wi
sc
on
si
n
pr
oj
ec
t,
it
is
pr
em
at
ur
e
to
se
le
ct
at
mo
sp
he
ri
c
mo
ni
to
ri
ng
st
at
io
ns
fo
r
La
ke
Mi
ch
ig
an
.
On
e
of
th
e
re
co
mm
en
da
ti
on
s
fr
om
th
e
Wi
sc
on
31
n
Pr
oj
ec
t
sh
ou
ld
be
th
e
nu
mb
er
an
d
lo
ca
ti
on
of
su
ch
st
at
io
ns
.
  
  
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
o
f
L
a
k
e
M
i
c
h
i
g
a
n
P
e
r
t
i
n
e
n
t
t
o
M
o
n
i
t
o
r
i
n
g
L
a
k
e
M
i
c
h
i
g
a
n
i
s
t
h
e
s
i
x
t
h
l
a
r
g
e
s
t
l
a
k
e
i
n
t
h
e
w
o
r
l
d
i
n
s
u
r
f
a
c
e
a
r
e
a
a
n
d
v
o
l
u
m
e
.
T
h
e
l
a
k
e
p
r
o
p
e
r
h
a
s
t
w
o
m
a
j
o
r
d
e
p
r
e
s
s
i
o
n
s
,
t
h
e
d
e
e
p
e
s
t
o
f
f
F
r
a
n
k
f
o
r
t
a
n
d
a
n
o
t
h
e
r
i
n
t
h
e
s
o
u
t
h
e
r
n
h
a
l
f
o
f
t
h
e
l
a
k
e
.
B
e
c
a
u
s
e
o
f
t
h
i
s
m
o
r
p
h
o
l
o
g
y
,
t
h
e
r
e
h
a
s
b
e
e
n
s
p
e
c
u
l
a
t
i
o
n
t
h
a
t
t
h
e
r
e
m
a
y
b
e
r
e
s
t
r
i
c
t
e
d
e
x
c
h
a
n
g
e
b
e
t
w
e
e
n
t
h
e
s
o
u
t
h
e
r
n
a
n
d
n
o
r
t
h
e
r
n
p
a
r
t
s
o
f
t
h
e
l
a
k
e
.
I
f
t
h
i
s
i
s
t
r
u
e
,
i
t
i
s
n
o
t
e
a
s
i
l
y
d
e
m
o
n
s
t
r
a
t
e
d
a
n
d
s
h
o
u
l
d
n
o
t
b
e
o
f
m
a
j
o
r
c
o
n
c
e
r
n
i
n
a
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
.
B
e
c
a
u
s
e
t
h
e
l
a
k
e
i
s
s
o
l
a
r
g
e
i
n
r
e
l
a
t
i
o
n
t
o
i
t
s
d
r
a
i
n
a
g
e
b
a
s
i
n
,
d
i
r
e
c
t
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
a
r
e
i
m
p
o
r
t
a
n
t
t
o
i
t
s
q
u
a
l
i
t
y
.
B
a
y
s
—
—
T
w
o
b
a
y
s
,
G
r
e
e
n
a
n
d
G
r
a
n
d
T
r
a
v
e
r
s
e
,
a
r
e
p
r
o
m
i
n
e
n
t
f
e
a
t
u
r
e
s
o
f
t
h
e
l
a
k
e
.
G
r
e
e
n
B
a
y
i
s
s
u
f
f
i
c
i
e
n
t
l
y
d
i
f
f
e
r
e
n
t
f
r
o
m
t
h
e
l
a
k
e
p
r
o
p
e
r
a
s
t
o
w
a
r
r
a
n
t
a
s
e
p
a
r
a
t
e
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
.
T
h
e
F
o
x
R
i
v
e
r
,
t
h
e
l
a
k
e
'
s
m
a
j
o
r
t
r
i
b
u
t
a
r
y
,
e
m
p
t
i
e
s
i
n
t
o
s
o
u
t
h
e
r
n
G
r
e
e
n
B
a
y
.
S
e
v
e
r
e
l
y
p
o
l
l
u
t
e
d
,
t
h
e
r
i
V
e
r
i
s
a
p
r
e
—
d
o
m
i
n
a
n
t
c
a
u
s
e
o
f
d
e
g
r
a
d
a
t
i
o
n
i
n
t
h
e
B
a
y
.
G
r
a
n
d
T
r
a
v
e
r
s
e
B
a
y
h
a
s
b
e
e
n
i
n
c
l
u
d
e
d
i
n
t
h
e
l
a
k
e
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
b
e
c
a
u
s
e
i
t
i
s
n
o
t
s
e
r
i
o
u
s
d
e
g
r
a
d
e
d
.
L
a
k
e
P
r
o
p
e
r
—
—
W
i
t
h
i
n
t
h
e
p
a
s
t
f
e
w
y
e
a
r
s
,
p
r
o
n
o
u
n
c
e
d
i
n
s
h
o
r
e
—
o
f
f
s
h
o
r
e
(
>
1
0
m
i
l
e
s
)
d
i
f
f
e
r
e
n
c
e
s
i
n
c
h
e
m
i
c
a
l
c
o
n
t
e
n
t
a
n
d
b
i
o
t
a
h
a
v
e
b
e
e
n
d
o
c
u
m
e
n
t
e
d
.
T
h
i
s
i
s
n
o
t
s
u
r
p
r
i
z
i
n
g
s
i
n
c
e
m
a
j
o
r
i
n
p
u
t
s
a
r
e
n
e
a
r
s
h
o
r
e
.
T
h
e
r
e
m
u
s
t
b
e
n
a
t
u
r
a
l
l
y
o
c
c
u
r
r
i
n
g
d
i
f
f
e
r
e
n
c
e
s
b
e
t
w
e
e
n
i
n
s
h
o
r
e
a
n
d
o
f
f
s
h
o
r
e
w
a
t
e
r
s
b
e
c
a
u
s
e
o
f
t
h
e
s
h
a
l
l
o
w
n
e
s
s
o
f
n
e
a
s
h
o
r
e
a
r
e
a
s
,
s
u
r
f
a
c
e
r
u
n
o
f
f
a
n
d
i
n
f
l
o
w
o
f
t
r
i
b
u
t
a
r
i
e
s
.
T
h
e
n
a
t
u
r
a
l
d
i
f
f
e
r
e
n
c
e
s
a
r
e
e
n
h
a
n
c
e
d
o
r
m
a
s
k
e
d
b
y
i
n
p
u
t
s
o
f
p
o
l
l
u
t
a
n
t
s
.
E
x
c
h
a
n
g
e
b
e
t
w
e
e
n
l
a
k
e
s
H
u
r
o
n
a
n
d
M
i
c
h
i
g
a
n
t
h
r
o
u
g
h
t
h
e
S
t
r
a
i
t
s
o
f
M
a
c
k
i
n
a
w
h
a
s
b
e
e
n
r
e
c
o
g
n
i
z
e
d
f
o
r
s
o
m
e
t
i
m
e
.
I
n
f
a
c
t
,
t
h
e
r
e
i
s
s
o
m
e
e
v
i
d
e
n
c
e
t
h
a
t
L
a
k
e
S
u
p
e
r
i
o
r
w
a
t
e
r
f
r
o
m
t
h
e
S
t
.
M
a
r
y
s
R
i
v
e
r
e
x
t
e
n
d
s
t
o
t
h
e
S
t
r
a
i
t
s
.
T
h
e
i
m
p
o
r
t
a
n
c
e
o
f
t
h
i
s
e
x
c
h
a
n
g
e
h
a
s
n
o
t
b
e
e
n
d
e
t
e
r
m
i
n
e
d
h
o
w
e
v
e
r
.
P
h
y
s
i
c
a
l
—
—
T
h
e
l
a
k
e
i
s
e
s
s
e
n
t
i
a
l
l
y
m
o
n
o
m
i
c
t
i
c
,
w
i
t
h
s
t
r
a
t
i
f
i
c
a
t
i
o
n
l
a
s
t
i
n
g
f
r
o
m
l
a
t
e
J
u
n
e
t
o
S
e
p
t
e
m
b
e
r
a
n
d
i
n
f
l
u
e
n
c
i
n
g
t
h
e
v
e
r
t
i
c
a
l
d
i
s
t
r
i
b
u
t
i
o
n
o
f
s
o
m
e
c
h
e
m
i
c
a
l
s
a
n
d
t
h
e
b
i
o
t
a
.
M
i
x
i
n
g
e
x
t
e
n
d
s
t
o
t
h
e
b
o
t
t
o
m
i
n
s
h
a
l
l
o
w
a
r
e
a
s
m
o
s
t
o
f
t
h
e
y
e
a
r
.
S
o
m
e
t
h
e
r
m
a
l
d
i
s
c
o
n
t
i
n
u
i
t
y
e
x
i
s
t
s
i
n
t
o
e
a
r
l
y
D
e
c
e
m
b
e
r
i
n
d
e
e
p
w
a
t
e
r
s
,
b
u
t
t
h
e
r
e
i
s
n
o
e
v
i
d
e
n
c
e
t
h
a
t
i
t
i
s
o
f
g
r
e
a
t
i
m
p
o
r
t
a
n
c
e
t
o
t
h
e
d
i
s
t
r
i
b
u
t
i
o
n
o
f
c
h
e
m
i
c
a
l
s
a
n
d
b
i
o
t
a
.
T
h
e
l
a
k
e
p
r
o
p
e
r
m
i
x
e
s
f
r
o
m
O
c
t
o
b
e
r
t
o
m
i
d
—
J
u
n
e
.
A
l
o
n
g
-
s
h
o
r
e
c
u
r
r
e
n
t
s
t
e
n
d
t
o
k
e
e
p
p
o
i
n
t
s
o
u
r
c
e
i
n
p
u
t
s
n
e
a
r
s
h
o
r
e
.
T
h
e
t
h
e
r
m
a
l
b
a
r
m
a
y
a
l
s
o
l
i
m
i
t
n
e
a
r
s
h
o
r
e
a
n
d
o
f
f
s
h
o
r
e
m
i
x
i
n
g
i
n
t
h
e
s
p
r
i
n
g
.
U
p
-
w
e
l
l
i
n
g
m
u
s
t
b
e
c
o
n
s
i
d
e
r
e
d
i
n
t
h
e
n
e
a
r
s
h
o
r
e
e
n
v
i
r
o
n
m
e
n
t
,
e
s
p
e
c
i
a
l
l
y
a
l
o
n
g
t
h
e
w
e
s
t
e
r
n
s
h
o
r
e
w
h
e
r
e
c
o
n
d
i
t
i
o
n
s
c
a
n
c
h
a
n
g
e
r
a
p
i
d
l
y
f
r
o
m
t
h
i
s
.
T
h
e
b
a
y
s
a
r
e
d
i
m
i
c
t
i
c
,
s
i
n
c
e
t
h
e
y
a
r
e
i
c
e
c
o
v
e
r
e
d
i
n
w
i
n
t
e
r
.
P
r
o
n
o
u
n
c
e
d
s
t
r
a
t
i
f
i
c
a
t
i
o
n
i
n
s
u
m
m
e
r
a
n
d
i
c
e
c
o
v
e
r
i
n
w
i
n
t
e
r
r
e
s
t
r
i
c
t
v
e
r
t
i
c
a
l
m
i
x
i
n
g
a
n
d
p
e
r
m
i
t
d
e
p
l
e
t
i
o
n
o
f
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
i
n
s
o
u
t
h
e
r
n
G
r
e
e
n
B
a
y
.
52
ls
The flushing of Green Bay and its exchange with the lake proper is similar
to an estuary during most of the year (Modlin and Beeton 1970). The importance
of u
nder
-ice
exch
ange
betw
een
bays
and
the
lake
has
not
been
esta
blis
hed,
ex
ce
pt
fo
r
Li
tt
le
Ba
y
de
No
c
(M
ay
he
w
19
72
).
W
h
o
l
e
-
L
a
k
e
M
o
n
i
t
o
r
i
n
g
P
r
o
g
r
a
m
 
Lak
e P
rop
er-
—Th
e l
ake
-wi
de
pro
gra
m s
hou
ld
be s
epa
rat
e f
rom
the
sur
vei
lla
nce
of
cri
tic
al
are
as
to
det
ect
any
pro
gre
ssi
ve
lon
g
ter
m
cha
nge
s.
Sev
era
l
stu
die
s
ha
ve
sh
ow
n
th
at
th
e
of
fs
ho
re
wa
te
rs
ar
e
of
ve
ry
go
od
qu
al
it
y,
se
as
on
al
flu
ctu
ati
ons
are
sma
ll,
and
var
iat
ion
s
fro
m p
lac
e
to
pla
ce
are
not
gre
at.
The
ref
ore
,
onl
y
a r
ela
tiv
ely
few
off
sho
re
sam
pli
ng
loc
ali
tie
s
are
inc
lud
ed
in
th
e
pr
op
os
ed
pl
an
.
A
gr
ea
te
r
nu
mb
er
of
st
at
io
ns
ar
e
re
co
mm
en
de
d
for
the
ne
ar
sh
or
e
wa
te
rs
si
nc
e
th
ey
us
ua
ll
y
ar
e
qu
it
e
di
ff
er
en
t
fr
om
th
e
of
fs
ho
re
wa
te
rs
.
Th
e
fo
ll
ow
in
g
pr
op
os
ed
pr
og
ra
m
sh
ou
ld
be
un
de
rt
ak
en
ev
er
y
te
n
ye
ar
s,
es
pe
ci
al
ly
if
su
it
ab
le
wa
te
r
in
ta
ke
s
ar
e
mo
ni
to
re
d
fo
r
ne
ar
sh
or
e
co
nd
it
io
ns
.
Th
e
pr
og
ra
m
in
cl
ud
es
41
of
th
e
st
at
io
ns
(T
ab
le
1,
Fi
gu
re
1)
re
co
mm
en
de
d
by
th
eM
on
it
or
in
g
Co
mm
it
te
e
fo
r
th
e
Co
nf
er
en
ce
on
th
e
Ma
tt
er
of
Po
ll
ut
io
n
of
La
ke
Mi
ch
ig
an
an
d
Tr
ib
ut
ar
y
Ba
si
ns
(1
96
8)
.
Mo
st
of
th
es
e
lo
ca
ti
on
s
we
re
sa
mp
le
d
by
th
e
Fe
de
ra
l
Wa
te
r
Po
ll
ut
io
n
Co
nt
ro
l
Ad
mi
ni
st
ra
ti
on
(F
WP
CA
)
an
d
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(E
PA
)
in
19
63
,
19
70
an
d
19
74
.
Tw
el
ve
st
at
io
ns
sa
mp
le
d
by
th
e
U.
S.
Fi
sh
an
d
Wi
ld
li
fe
Se
rv
ic
e
in
19
54
—5
5
an
d
19
60
-6
1
(T
ab
le
2)
ar
e
al
so
in
cl
ud
ed
.
Th
es
e
st
at
io
ns
we
re
sa
mp
le
d
fr
om
3
to
23
ti
me
s
a
ye
ar
fo
r
te
mp
er
at
ur
e,
tr
an
sp
ar
en
cy
,
ch
em
is
tr
y,
be
nt
ho
s
an
d
pl
an
kt
on
.
Th
ir
ty
—o
ne
ne
w
st
at
io
ns
fo
r
tw
o
an
d
fi
ve
mi
le
s
fr
om
sh
or
e
ar
e
re
co
mm
en
de
d
to
gi
ve
gr
ea
te
r
co
ve
ra
ge
of
th
e
ne
ar
sh
or
e
wa
te
rs
(T
ab
le
3)
.
An
ad
di
ti
on
al
gr
ou
p
of
st
at
io
ns
,
br
in
gi
ng
th
e
to
ta
l
to
84
is
pr
op
os
ed
fo
r
th
e
St
ra
it
s
ar
ea
to
ob
ta
in
da
ta
on
th
e
ex
ch
an
ge
be
tw
ee
n
La
ke
s
Hu
ro
n
an
d
Mi
ch
ig
an
.
Si
xt
ee
n
st
at
io
ns
co
ul
d
be
el
im
in
at
ed
as
pa
rt
of
an
on
go
in
g
mo
ni
to
ri
ng
pr
og
ra
m,
es
pe
ci
al
ly
if
th
e
St
ra
it
s
re
gi
on
is
tr
ea
te
d
as
pa
rt
of
a
sp
ec
ia
l
st
ud
y.
S
a
m
p
l
e
s
s
h
o
ul
d
be
ta
ke
n
at
th
e
su
rf
ac
e,
at
de
pt
hs
of
5,
10
,
20
,
30
,
45
,
65
m,
an
d
1
m
fr
om
th
e
bo
tt
om
.
On
ly
ce
rt
ai
n
an
al
ys
es
ne
ed
to
be
ma
de
on
sa
mp
le
s
fr
om
al
l
de
pt
hs
.
Ch
lo
ro
ph
yl
l
is
a
go
od
ex
am
pl
e
si
nc
e
pr
on
ou
nc
ed
se
as
on
al
c
h
a
n
g
e
s
h
a
ve
a
l
r
e
a
d
y
b
e
e
n
d
e
m
o
n
s
t
r
a
t
e
d
in
it
s
ve
r
t
i
c
a
l
d
i
s
t
r
i
b
ut
i
o
n
(T
or
ke
19
75
).
Ot
he
r
pa
ra
me
te
rs
wi
ll
re
qu
ir
e
sa
mp
le
s
fo
r
an
al
ys
es
fr
om
a
fe
w
d
e
p
t
h
s
(
T
a
b
l
e
4)
.
V
e
r
t
i
c
a
l
t
o
ws
c
o
m
m
e
n
c
i
n
g
5
m
of
f
th
e
b
o
t
t
o
m
s
h
o
u
l
d
b
e
ma
de
fo
r
zo
op
la
nk
to
n.
A
to
w
wi
th
a
nu
mb
er
6
me
sh
1/
2
me
tr
e
ne
t
wi
ll
be
n
e
e
d
e
d
f
o
r
p
l
a
n
k
t
o
n
i
c
c
r
u
s
t
a
c
e
a
w
h
i
l
e
a
t
o
w
w
i
t
h
a
n
u
m
b
e
r
2
0
m
e
s
h
1
/
2
m
e
t
r
e
n
e
t
w
i
l
l
c
a
p
t
u
r
e
s
m
a
l
l
l
a
r
v
a
l
f
o
r
m
s
a
n
d
r
o
t
i
f
e
r
s
.
A
P
O
N
A
R
g
r
a
b
s
h
o
u
l
d
b
e
us
ed
to
c
o
l
l
e
c
t
a
m
i
n
i
m
u
m
of
th
re
e
be
nt
ho
s
sa
mp
le
s
pe
r
st
at
io
n.
A
su
b—
s
a
m
p
l
e
o
f
t
h
e
s
e
d
i
m
e
n
t
f
r
o
m
e
a
c
h
s
t
a
t
i
o
n
s
h
o
u
l
d
b
e
p
r
e
s
e
r
v
e
d
f
o
r
a
n
a
l
y
s
e
s
0
f
p
a
r
t
i
c
l
e
s
i
z
e
,
o
r
g
a
n
i
c
c
o
n
t
e
n
t
a
n
d
p
o
s
s
i
b
l
e
a
n
a
l
y
s
e
s
f
o
r
o
i
l
a
n
d
h
e
a
v
y
m
e
t
a
l
s
.
S
u
i
t
a
b
l
e
s
t
e
r
i
l
e
b
a
c
t
e
r
i
o
l
o
g
i
c
a
l
s
a
m
p
l
e
r
s
s
h
o
u
l
d
b
e
u
s
e
d
f
o
r
bacteria.
Ea
ch
st
at
io
n
sh
ou
ld
be
sa
mp
le
d
on
ce
du
ri
ng
Ma
rc
h,
Ma
y,
Ju
ne
,
Ju
ly
,
Au
gu
st
,
S
e
p
t
e
m
b
e
r
an
d
N
o
ve
m
b
e
r
as
a
mi
ni
mu
m.
A
m
a
xi
m
um
P
r
o
g
r
a
m
W
O
U
1
d
r
e
Q
u
i
r
e
s
a
m
p
l
i
n
g
e
a
c
h
s
t
a
t
i
o
n
t
w
i
c
e
a
m
o
n
t
h
t
h
r
o
u
g
h
o
u
t
t
h
e
y
e
a
r
,
w
e
a
t
h
e
r
a
n
d
i
c
e
c
o
n
d
i
t
i
o
n
s
p
e
r
m
i
t
t
i
n
g
.
A
r
e
a
s
o
n
a
b
l
e
c
o
m
p
r
o
m
i
s
e
w
o
u
l
d
b
e
f
o
r
's
am
pl
in
g
ea
ch
st
at
io
n
on
ce
a
mo
nt
h
in
Ja
nu
ar
y,
Ma
rc
h,
Ju
ly
,
Au
gu
st
:
Se
pt
em
be
r
and
No
ve
mb
er
an
d
tw
ic
e
a
mo
nt
h
in
Ap
ri
l,
Ma
y
an
d
Jun
e-
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 TABLE I
LA
KE
MI
CH
IG
AN
OP
EN
WA
TE
R
MO
NI
TO
RI
NG
ST
AT
IO
NS
Previous Visits
S
t
a
t
i
o
n
L
a
t
.
L
o
n
g
.
(
1
9
6
3
)
1
4
1
°
4
6
'
0
0
"
8
7
°
2
0
'
0
0
"
3
2
4
1
°
4
6
'
0
0
"
8
7
°
1
3
'
0
0
"
4
3
4
1
°
4
6
'
0
0
"
8
7
°
0
0
'
0
0
"
3
4
4
1
°
4
8
'
0
0
"
8
7
°
5
3
‘
0
0
"
1
5
4
2
°
0
0
'
0
0
"
8
7
°
2
5
'
0
0
"
2
6
4
2
°
0
0
'
0
0
"
8
7
°
0
0
'
0
0
"
3
7
4
2
°
1
2
‘
0
0
"
8
7
°
4
3
'
0
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3
9
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2
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0
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4
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0
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1
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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0
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 TABLE 2
L
O
C
A
T
I
O
N
S
S
A
M
P
L
E
D
B
Y
T
H
E
U
.
S
.
F
I
S
H
A
N
D
W
I
L
D
L
I
F
E
S
E
R
V
I
C
E
(
B
e
e
t
o
n
a
n
d
M
o
f
f
e
t
t
1
9
6
4
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S
t
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t
i
o
n
L
a
t
.
L
o
n
g
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Y
e
a
r
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S
a
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p
l
e
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4
4
°
0
4
'
1
0
"
8
7
°
2
7
'
0
0
"
5
4
,
5
5
2
4
4
°
0
0
'
0
0
"
8
6
°
5
2
'
0
5
"
5
4
,
5
5
3
4
3
°
5
8
'
2
0
"
8
6
°
3
7
'
4
5
"
5
4
,
5
5
1
3
4
3
°
0
3
'
0
0
"
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4
'
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0
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 TABLE 3
ADDITIONAL SAMPLING LOCATIONS
Station Lat . Long.
5a 42°00'00" 87°37‘00"
5b 42°00'00" 87°33'20"
6a 42°00'00" 86°39'00"
6b 42°00'00" 86°35'40"
9a 42°23'30" 87°42'30"
13a 42°23'00'n 86°23'20"
203 42°44'00" 86°18'00"
21a
43°
08'
00"
87°
47'
45"
253 43°36'00" 87°39'20"
28a 43°36'00" 86°37'30"
403 45°15'50" 86°55'05"
40b
45
°2
5'
15
"
86
°4
5'
00
"
44
a
45
°3
4'
00
"
86
°3
5'
40
"
46
a
45
°1
2'
25
"
85
°2
8'
00
"
46
b
45
°0
0'
00
"
85
°3
2'
30
"
46c 44°47'40" 85°37'00"
45°00'00" 85°25'00"
46c 44°54'00" 85°27'00"
47a 45°58'45" 86°10'25"
47b 45°45'00" 86°00'00"
48a 45°44'20" 85°28'20"
48b
45°
43'
40"
85°
22'
30"
48C 45°42'35" 85°15'00"
48d 45°39'35" 85°07'20"
50a 45°57'00" 85°36'00"
51
a
45
°4
9'
40
"
84
°4
5'
00
"
51b 45°47'20" 85°00'00"
51c 45°49'55" 85°00'00"
51d 45°52'40" 85°00'00"
Sle 45°55'00" 85°00'00"
51f 45°57'45" 85°00'00"
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TABLE 4
WHOLE-LAKE MONITORING
  
Sampling Sampling
Parameter Depths* Method Frequency Station
Temperature 0-bottom BT Each cruise all
Transparency — Secchi disc Each cruise all
Suspended Solids all water sampler Each cruise all
Specific Donductance all water sampler Each cruise all
pH
all
wate
r sa
mple
r
Each
crui
se
all
Dissolved Oxygen 5,20,45,bottom water sampler Each cruise all
Total
Alkal
inity
5,20,
45,bo
ttom
water
sampl
er
Each
cruis
e
all
Chloride 5,20,45,bottom water sampler Seasonally all
Sulfi
te
5,20,
45,bo
ttom
water
sampl
er
Seaso
nally
all
Ammo
nia-
N
0,5,
20,4
5,bo
ttom
wate
r sa
mple
r
Each
crui
se
all
Nitr
ate—
N
0,5,
20,4
5,bo
ttom
wate
r sa
mple
r
Each
crui
se
all
Orga
nic—
N
0,5,
20,4
5,bo
ttom
wate
r sa
mple
r
Each
crui
se
all
Solu
ble
Reac
tive
P
0,5,
20,4
5,bo
ttom
wate
r sa
mple
r
Each
crui
se
all
Tota
l P
0,5,
20,4
5,bo
ttom
wate
r sa
mple
r
Each
crui
se
all
Reac
tive
Sili
ca
0,5,
20,4
5,bo
ttom
wate
r sa
mple
r
Each
crui
se
all
Phen
ols
O,5,
20,b
otto
m
wate
r sa
mple
r
Each
crui
se
near
shor
e
Cyan
ide
0,5,
20,b
otto
m
wate
r sa
mple
r
Each
crui
se
near
shor
e
Foca
l Ca
lifo
rms
0,5,
10,2
0,bo
ttom
Bact
eria
Each
crui
se
near
shor
e
Foc
al
Str
ept
oco
cci
0,5
,10
,20
,bo
tto
m
Bac
ter
ia
Eac
h c
rui
se
nea
rsh
ore
Pse
udo
mon
as
aer
ugi
nos
a 0
,5,
10,
20,
bot
tom
Bac
ter
ia
Eac
h c
rui
se
nea
rsh
ore
Chlo
roph
yll
a_
all
wate
r sa
mple
r
Each
crui
se
all
Phae
ophy
tin
all
wate
r sa
mple
r
Each
crui
se
all
Phyt
opla
nkto
n
0,4,
10,2
0
wate
r s
ampl
er
Each
crui
se
all
Zoop
lank
ton
O-ne
ar b
otto
m
net
Each
crui
se
all
Bent
hos
bott
om
PONA
R gr
ab
Seas
onal
ly
all
Others2
Oils3 Observation of surface oil and
sed
ime
nti
al
oil
Eac
h c
rui
se
all
Cadmium 5,20,bottom water sampler
and grab Once/year all
Chro
mium
5,20
,bot
tom
"
"
Once
/yea
r
all
Copp
er
5,20
,bot
tom
"
"
Once
/yea
r
all
Lead
5,20
,bot
tom
"
"
Once
/yea
r
all
Merc
ury
5,20
,bot
tom
"
"
Once
/yea
r
all
Nick
el
5,20
,bot
tom
"
"
Once
/yea
r
all
Zin
c
5,2
0,b
ott
om
"
"
Onc
e/y
ear
all
Phth
alic
acid
este
rs
5,20
,bot
tom
"
"
Once
/yea
r
near
shor
e
Ars
eni
c
5,2
0,b
ott
om
"
"
Onc
e/y
ear
all
Fluo
ride
5,20
,bot
tom
"
"
Once
/yea
r
all
Radi
oact
ivit
y
5,20
,bot
tom
"
"
Once
/yea
r
all
*0,5,10,20,20,45,65, near bottom
2Sampled more frequently if appreciable concentrations are found.
3Samples should be taken whenever oil is observed.
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 I
r‘
1
!
Wat
er
Int
ake
s—-
Bec
aus
e o
f t
he
amo
unt
of
dat
a w
hic
h t
hey
pro
vid
e,
wat
er
int
ake
s s
hou
ld
be
sam
ple
d i
n t
he
sur
vei
lla
nce
pro
gra
m.
As
par
t o
f a
Sea
Gra
nt
pro
jec
t,
the
Uni
ver
sit
y o
f W
isc
ons
in—
Mil
wau
kee
sam
ple
d i
nta
kes
at
Whi
tef
ish
Bay,
Mil
wau
kee
, C
hic
ago
, G
ary
and
Gra
nd
Rap
ids
,
to
det
erm
ine
whi
ch
one
s m
igh
t b
e u
sef
ul
for
sam
pli
ng
the
lak
e.
Of
the
se,
onl
y t
he
Lin
nwo
od
Ave
nue
int
ake
for
Mil
wau
kee
was
tak
ing
in
wat
er
sim
ila
r
in
cha
rac
ter
ist
ics
to
tha
t c
oll
ect
ed
10
mil
es
off
sho
re.
The
oth
er
int
ake
s
wer
e a
ll
rep
res
ent
ati
ve
of
wat
er
fou
nd
wit
hin
2—3
mil
es
of
sho
re.
The
sam
pli
ng
pro
gra
m u
sed
by
the
Uni
ver
sit
y o
f W
isc
ons
in
con
sis
ted
of
thr
ee
sam
pli
ng
tra
nse
cts
,
one
dir
ect
ly
ove
r
the
int
ake
and
two
mil
es
to
eit
her
sid
e o
f t
he
int
ake
.
Sam
ple
s w
ere
tak
en
at
dis
tan
ces
of
1/4
,
1/2
,
3/4
, 1
, l
-1/
2,
2,
3,
5,
10
mil
es
on
the
two
-si
de
tra
nse
cts
and
at
the
sam
e
dis
tan
ces
ove
r t
he
int
ake
exc
ept
tha
t a
sam
ple
was
tak
en
at
15
mil
es
ins
tea
d
of
10
mil
es.
As
par
t
of
the
who
le—
lak
e
stu
dy,
a
sim
ila
r
sam
pli
ng
pro
gra
m
is
req
uir
ed
to
est
abl
ish
whi
ch
int
ake
s w
oul
d
be
use
ful
.
The
re
are
a n
umb
er
of
int
ake
s
sit
uat
ed
far
eno
ugh
and
dee
p
eno
ugh
in
the
lak
e
to
be
pot
ent
ial
ly
use
ful
for
mon
ito
rin
g.
Oth
er
cri
ter
ia
to
con
sid
er
are
the
typ
es
of
dat
a
col
lec
ted
and
the
num
ber
of
yea
rs
on
rec
ord
.
Pot
ent
ial
mun
ici
pal
int
ake
s
whi
ch
sho
uld
be
stu
die
d
are
:
Two
Riv
ers
,
Wis
.;
Man
ito
woc
,
Wis
.;
Ken
osh
a,
Wis
.;
Wau
keg
an,
111
.;
Gre
at
Lak
es,
Ill
.;
Ham
mon
d,
Ind
.;
Whi
tin
g,
Ind
.;
Eas
t
Chi
cag
o,
Ind
.;
Mic
hig
an
Cit
y,
Ind
.;
Sou
th
Hav
en,
Mic
h.;
Hol
lan
d,
Mic
h.;
Muskegon, Mich.; Traverse City, Mich.
Ini
tia
lly
the
Mil
wau
kee
int
ake
can
be
use
d
as
bei
ng
rep
res
ent
ati
ve
of
op
en
la
ke
co
nd
it
io
ns
.
Th
e
Gr
an
d
Ra
pi
ds
,
Ch
ic
ag
o
(6
8t
h
St
.)
,
an
d
Ga
ry
in
ta
ke
s
rep
res
ent
nea
rsh
ore
con
dit
ion
s.
The
Chi
cag
o
(68
th
St.
),
Ham
mon
d,
Eas
t C
hic
ago
,
Gar
y,
and
Whi
tin
g
int
ake
s
are
rec
omm
end
ed
as
par
t
of
the
nea
rsh
ore
int
ens
ive
study of the Calumet area.
Da
ta
fr
om
an
al
ys
es
ma
de
at
th
e
in
ta
ke
s
sh
ou
ld
be
us
ed
ca
re
fu
ll
y
si
nc
e
an
eva
lua
tio
n
of
dat
a
fro
m t
he
fiv
e
int
ake
s
stu
die
d
by
Wis
con
sin
sho
wed
tha
t
re-
su
lt
s
am
on
g
la
bo
ra
to
ri
es
ra
ng
ed
fr
om
on
ly
38
to
78
pe
rc
en
t
ag
re
em
en
t.
Me
th
od
s
and
pro
ced
ure
s
use
d
at
the
int
ake
s
sho
uld
be
eva
lua
ted
and
che
cke
d p
eri
odi
cal
ly.
Monitoring of Critical Nearshore Areas
Th
e
Su
rv
ei
ll
an
ce
Su
bc
om
mi
tt
ee
ha
s
id
en
ti
fi
ed
se
ve
n
ne
ar
sh
or
e
pr
ob
le
m
ar
ea
s
in
Lak
e M
ich
iga
n:
Gre
en
Bay
,
Lit
tle
Bay
de
Noc
,
Mil
wau
kee
,
Cal
ume
t
are
a,
Gra
nd
Riv
er,
Man
ist
ee,
and
Tra
ver
se
Cit
y.
Thr
ee
of
the
se,
Gre
en
Bay
,
Cal
ume
t
are
a a
nd
Mil
wau
kee
,
are
esp
eci
all
y
cri
tic
al,
bec
aus
e
of
the
mag
nit
ude
of
the
pro
ble
m a
nd
the
obv
iou
s
eff
ect
on
the
lak
e.
Con
seq
uen
tly
,
int
ens
ive
sam
pli
ng
pro
gra
ms
to
be
car
rie
d
out
eve
ry
thr
ee
yea
rs
hav
e b
een
dev
elo
ped
for each of these areas.
Pro
ble
ms
in
the
oth
er
are
as
are
cri
tic
al
loc
all
y,
but
the
ir
imp
act
on
the
lak
e i
s a
ppa
ren
tly
not
as
gre
at.
Int
ens
ive
stu
die
s a
re
nee
ded
to
determine exactly what their effect is.
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Green Bay--A number of studies have been made on Green Bay, especially
since the early 19603. Since conditions change rapidly in the southern
bay depending on inflow of the Fox River, currents, and disturbance of
sediments by vertical mixing, sampling stations should be selected because
they are representative of an area and not because they have been visited
previously. Past sampling programs had enough stations to facilitate
plotting the contoured distribution of various parameters as a basis for
comparison.
Thirty—eight stations are proposed for Green Bay, the majority of which
are located in the southern part of the bay (Table 5, Figure 2). Other
stations are situated off of tributaries, near Sturgeon Bay, Little Bay de
Noc, and Big Bay de Noc.
Table 6 shows the parameters which should be ana-
lyzed, depth distribution and frequency of sampling. Vertical tows with
number 6 and 20 mesh nets should be made for zooplankton. Three benthos
samples should be collected at each station. A sediment subsample should
be preserved for analysis for particle size, organic content, oils, and
heavy metals.
The stations should be sampled twice monthly in May, June, July,
August, September, and once in November and April. Sampling should be
conducted through the ice, if possible, in February, especially in southern
Green Bay, to determine the extent of oxygen depletion and associated
release of some chemicals from the sediments. It is likely that Fox River
water will accumulate under the ice and concentrations of other chemicals
may increase.
Municipal water intakes at Gladstone, Michigan; Escanaba, Michigan;
and Marinette, Wisconsin, should be Studied, as well as those in the lake
proper,
to determine their usefulness
for monitoring.
Milwaukee Harbor Area-—The Great Lakes and Illinois River Basin Project
(FWPCA 1966) made the most intensive study of the Milwaukee Harbor and
adjacent lake area in 1962 and 1963.
Almost 100 sampling stations were
established and a wide range of water quality measurements were made.
Subsequent studies have included as many or more stations in the harbor,
but measured a limited number of parameters.
Review of the FWPCA and other
studies indicated that sampling fewer stations does not seriously affect
the survey's quality.
Consequently, 30 of the FWPCA stations have been
selected
for
monitoring
this
area
(Figure
3).
 
All samples should be taken at the surface, two metres and near the
bottom in the harbor, while in the lake they should be at depths of 0, 5,
10 m, and near the bottom, depth permitting. Parameters and frequency and
extent
of
sampling
are
presented
in
Table
6.
The stations should be sampled weekly in April, July, October and
January, to provide information on the short—term and seasonal variability
in concentration and distribution of most of the parameters.
Benthos
should
be
sampled
once
each
season.
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PROPOSED MONITORING STATIONS FOR GREEN BAY
   
Station Lat. Long.
1 44°32'35" 88°00'00"
2 44°32'35" 87°57'15"
3 44°34'15" 87°55'00"
4 44°33'40" 87°59'30"
5 44°35'30" 88°00'00"
6 44°35'10" 87°58'00"
7 44°38'00" 87°59'30"
8 44°37'10" 87°56'00"
9 44°38'00" 87°52'00"
10 44°39'30" 87°53'30"
11 44°41'40" 87°57'45"
12 44°42'00" 87°50'30"
13 44°43'00" 87°44'30"
14
44°48'40"
87°52'30"
15 44°48'00" 87°47'00"
16
44°48'00"
87°40'45"
17 44°51'10" 87°42'00"
18 44°53'50" 87°48'00"
19 44°55'20" 87°42'00"
20 44°52'10" 87°33'00"
21 44°57'00" 87°34'20"
22 44°55'25" 87°28'35"
23 44°54'30" 87°25'30"
24 45°05'30" 87°34'20"
25 45°02'35" 87°22'00"
26 45°08'15" 87°17'30"
27 45°15'00" 87°26'30"
28 45°17'15" 87°06'00"
29 45°26'00" 87°06'00"
30 45°34'30" 87°12'00"
31 45°44'30" 87°01'30"
32 45°46'40" 87°03'00"
33 45°50'25" 87°00'00"
34 45°53'00" 87°58'00"
35 45°42'40" 86°48'20"
36 45°42'40" 86°41'45"
37 45°47'10" 86°38'40"
38 45°35'10" 86°50'00"
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 TABLE 6
MEASUREMENTS TO BE MADE IN CRITICAL AREAS
(Sampling Depths are for Green Bay.
Text for Sampling Depths Elsewhere)
See
Sampling Sampling
Param
eter
Depth
s*
Metho
d
Frequ
ency
Stati
on
Temp
erat
ure
O—bo
ttom
BT
Each
crui
se
all
Tran
spar
ency
0-bo
ttom
Secc
hi d
isc
Each
crui
se
all
Suspe
nded
Solid
s
O-nea
r bo
ttom
Water
sampl
er
Each
cruis
e
all
Spec
ific
Cond
ucta
nce
all
Wate
r sa
mple
r
Each
crui
se
all
pH
all
Wate
r sa
mple
r
Each
crui
se
all
Diss
olve
d Ox
ygen
2,10
,nea
r bo
ttom
Wate
r sa
mple
r
Each
crui
se
all
Total
Alkal
inity
2,10,
near
botto
m
Water
Sampl
er
Each
cruis
e
all
Chlo
ride
2,10
,nea
r bo
ttom
Wate
r sa
mple
r
Seas
onal
ly
all
Sulf
ate
2,10
,nea
r bo
ttom
Wate
r sa
mple
r
Seas
onal
ly
all
Ammo
nia—
N
0,2,
10,n
ear
bott
om
Wate
r sa
mple
r
Each
crui
se
all
Nit
rat
e—N
0,2
,10
,ne
ar
bot
tom
Wat
er
sam
ple
r
Eac
h c
rui
se
all
Orga
nicé
N
0,2,
10,n
ear
bott
om
Wate
r sa
mple
r
Each
crui
se
all
Solu
ble
Reac
tive
P
0,2,
10,n
ear
bott
om
Wate
r sa
mple
r
Each
crui
se
all
Tota
l P
0,2,
10,n
ear
bott
om
Wate
r sa
mple
r
Each
crui
se
all
Reac
tive
Sili
ca
0,2,
10,n
ear
bott
om
Wate
r sa
mple
r
Each
crui
se
all
Phen
ols
0,2,
10,n
ear
bott
om
Wate
r sa
mple
r
Each
crui
se
all
Feca
l Co
lifo
rms
0,2,
10,n
ear
bott
om
Bact
eria
Each
crui
se
all
Feca
l St
rept
ococ
ci
0,2,
10,n
ear
bott
om
Bact
eria
Each
crui
se
all
Pseu
domo
nas
aeru
gino
sa
0,2,
10,n
ear
bott
om
Bact
eria
Each
crui
se
all
Chlo
roph
yll
a_
all
Wate
r sa
mple
r
Each
crui
se
all
Phae
ophy
tim
all
Wate
r sa
mple
r
Each
crui
se
all
Phy
top
lan
kto
n
0,2
,5
Wat
er
sam
ple
r
Eac
h c
rui
se
all
Zoo
pla
nkt
on
O—n
ear
bot
tom
Net
Eac
h c
rui
se
all
Ben
tho
s
bot
tom
PON
AR
gra
b
Sea
son
all
y
all
Others2
Oils3 Observation surface oil and
sed
ime
nti
al
oil
Eac
h c
rui
se
all
Cadmium 2,10,bottom Water sampler
V
an
d
gr
ab
On
ce
/y
ea
r
al
l
Chr
omi
um
2,1
0,b
ott
om
"
"
Onc
e/y
ear
all
Cop
per
2,l
O,b
ott
om
"
"
Onc
e/y
ear
all
Lea
d
2,1
0,b
ott
om
"
"
Onc
e/y
ear
all
Merc
ury
2,10
,bot
tom
"
"
Once
/yea
r
all
Nic
kel
2,l
O,b
ott
om
"
"
Onc
e/y
ear
all
Zin
c
2,1
0,b
ott
om
"
"
Onc
e/y
ear
all
Cya
nid
e
2,1
0,b
ott
om
"
"
Onc
e/y
ear
all
Phth
alic
acid
este
rs
2,10
,bot
tom
"
"
Once
/yea
r
all
Ars
eni
c
2,l
O,b
ott
om
"
"
Onc
e/y
ear
all
Flu
ori
de
2,l
O,b
ott
om
"
"
Onc
e/y
ear
all
Radi
oact
ivit
y
2,10
,bot
tom
"
"
Once
/yea
r
all
*0,2,5,10,20,near bottom
2Sampled more frequently if appreciable concentrations are found.
3Samples should be taken whenever oil is observed.
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1962 FWPCA stations)
64
 
Ca
lu
me
t
Ar
ea
——
Th
e
Ca
lu
me
t
ar
ea
ex
te
nd
s
fr
om
th
e
vi
ci
ni
ty
of
th
e
68
th
St
re
et
cr
ib
of
th
e
Ch
ic
ag
o
Wa
te
r
De
pa
rt
me
nt
to
Bu
rn
s
Di
tc
h
in
In
di
an
a.
Th
e
Il
li
no
is
In
st
it
ut
e
of
Te
ch
no
lo
gy
Re
se
ar
ch
In
st
it
ut
e
(II
TRI
)
re
ce
nt
ly
re
vi
ew
ed
da
ta
av
ai
la
bl
e
on
th
is
ar
ea
an
d
co
nd
uc
te
d
sa
mp
li
ng
as
pa
rt
of
th
e
EP
A
Gr
ea
t
La
ke
s
In
it
ia
ti
ve
Co
nt
ra
ct
Pr
og
ra
m
(S
no
w
19
74
).
The
sam
pli
ng
loc
ati
ons
rec
omm
end
ed
for
a m
oni
tor
ing
pro
gra
m
inc
lud
e
tho
se
use
d
by
IIT
RI
(Ta
ble
7)
and
11
add
iti
ona
l
Sou
th
Wat
er
Fil
tra
tio
n
Pl
an
t
Ra
di
al
Su
rv
ey
st
at
io
ns
(lJ
,
2J,
3J,
3F,
2F,
1F,
2H,
4H,
6H,
41,
61,
Fig
ure
4).
Add
iti
ona
l
sta
tio
ns
sho
uld
be
est
abl
ish
ed
nea
r
the
bre
akw
all
at
Uni
ted
Sta
tes
Ste
el
Gar
y W
ork
s
and
at
1/4
,
1/2
,
1,
2,
3 m
ile
s n
ort
h
off
Burns Ditch.
To
det
erm
ine
if
the
se
int
ake
s a
re
rep
res
ent
ati
ve
of
the
are
a,
sam
ple
s
sh
ou
ld
be
ta
ke
n
at
th
e
in
ta
ke
s
an
d
at
di
st
an
ce
s
of
1/
4
an
d
1/
2
mi
le
s
on
ei
th
er
si
de
on
two
tr
an
se
ct
s
pa
ss
in
g
th
e
in
ta
ke
s
an
d
at
ri
gh
t
an
gl
es
to
ea
ch
ot
he
r.
Me
as
ur
em
en
ts
sh
ou
ld
be
ma
de
fo
r
co
nd
uc
ti
vi
ty
,
ch
lo
ri
de
,
an
d
tot
al
pho
sph
oru
s.
If
the
se
int
ake
s
are
rep
res
ent
ati
ve,
the
y
sho
uld
be
sa
mp
le
d
we
ek
ly
on
a
co
nt
in
ui
ng
ba
si
s.
All
sam
ple
s
sho
uld
be
tak
en
at
the
sur
fac
e,
2,
5,
10
m,
and
nea
r
the
bo
tt
om
an
d
an
al
yz
ed
fo
r
th
e
pa
ra
me
te
rs
in
Ta
bl
e
6.
Th
e
st
at
io
ns
sh
ou
ld
be
sa
mp
le
d
we
ek
ly
in
Ap
ri
l,
Jul
y,
Oc
to
be
r
an
d
Ja
nu
ar
y.
Persistent Contaminants in Fish
La
ke
Mi
ch
ig
an
fi
sh
co
nt
in
ue
to
be
co
nt
am
in
an
te
d
wi
th
ch
lo
ri
na
te
d
hyd
roc
arb
ons
and
hea
vy
met
als
.
Lev
els
of
PCB
in
fis
h
hav
e
bee
n
in
exc
ess
of
th
e
U.S
.
Fe
de
ra
l
Dr
ug
Ad
mi
ni
st
ra
ti
on
st
an
da
rd
of
5
ug
/g
m.
A
nu
mb
er
of
ag
en
ci
es
ha
ve
pr
od
uc
ed
da
ta
on
th
es
e
co
nt
am
in
an
ts
an
d
th
e
Gr
ea
t
La
ke
s
Fi
sh
er
y
La
bo
ra
to
ry
in
it
ia
te
d
an
nu
al
mo
ni
to
ri
ng
in
196
9.
It
is
vi
ta
l
th
at
a
mo
ni
to
ri
ng
pr
og
ra
m
sh
ou
ld
co
nt
in
ue
an
d
in
cl
ud
e
an
al
ys
es
fo
r
ar
se
ni
c,
ca
dm
iu
m,
ch
ro
mi
um
,
co
pp
er
,
me
rc
ur
y,
po
ly
ch
lo
ri
na
te
d
bi
ph
en
yl
s,
DD
T
an
d
dieldrin.
If
pr
ac
ti
ca
l,
fi
sh
ca
ug
ht
wi
th
ex
pe
ri
me
nt
al
tr
aw
ls
an
d
ne
ts
sh
ou
ld
be
sa
mp
le
d.
Ot
he
rw
is
e
fi
sh
ob
ta
in
ed
co
mm
er
ci
al
ly
ca
n
be
us
ed
.
Fi
sh
sh
ou
ld
be
co
ll
ec
te
d
of
f
Mi
lw
au
ke
e,
th
e
St.
Jo
se
ph
an
d
Gr
an
d
ri
ve
rs
,
in
Gr
an
d
Tr
av
er
se
Bay
,
Gr
ee
n
Bay
,
th
e
Ca
lu
me
t
ar
ea
an
d
al
on
g
th
e
Do
or
Pe
nn
in
su
la
.
Special Studies
In
ad
di
ti
on
to
th
e
re
gu
la
r
mo
ni
to
ri
ng
pr
og
ra
m,
sp
ec
ia
l
st
ud
ie
s
sh
ou
ld
be
con
duc
ted
to
det
erm
ine
the
dis
tri
but
ion
of
CZa
dop
hor
a,
Ban
gia
, M
ysi
s r
eli
cta
an
d
th
e
ef
fe
ct
s
of
sh
or
el
in
e
er
os
io
n,
su
rf
ac
e
ru
no
ff
an
d
gr
ou
nd
wa
te
r
on
wa
te
r
quality in Lake Michigan.
A.M. Beeton
65
 CAL 17
CAL 13
CAL 11
CAL 06
CAL 16
CAL 15
CAL l4
LM 47A
SWFP 4J
SWFP SJ
SWFP 6J
SWFP 7J
LM 70
LM 68
LM 80
LM 102
IHC 38
 
TABLE 7
WATER SAMPLING STATIONS, CALUMET AREA
68th St. Crib
Calumet Harbor
Calumet
R.
mouth,
north
pier
head
light
Indiana
Harbor
breakwater
inner
NE
light
Hammond water intake
East Chicago water intake
Gary West water intake
Whiting water intake (American Oil
intake)
Chicago Water Dept. open lake
EPA open lake stations
Indiana
Harbor
Canal
at
Columbus
Drive
66
Lat.
41°41'11"
41°44'06"
41°44'02"
41°40'28"
41°42'14"
41°39'45"
41°38'27"
41°40'50"
41°43'28"
41°42'26"
41°41'23"
41°40'21"
41°41'35"
41°41'28"
41°42'05"
41°43'25"
41°38'20.7"
Long.
87°32'22.5"
87°31'16"
87°31'45"
87°26'20"
87°29'49"
87°24'18"
87°20'28"
87°28'22"
87°28'17"
87°26'31"
87°24'45"
87°23'00"
87°27'15"
87°25'42"
87°24'55"
87°23'15"
87°28'16.8"
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South water filtration plant radial survey
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Sampling points for surveillance programs
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D.
O.
,
pH
,
T
         
 7
2
 
T
a
b
l
e
l
(c
on
t'
d)
 
 
P
R
O
G
R
A
M
N
O
.
S
T
N
S
.
S
A
M
P
L
I
N
G
F
R
E
Q
U
E
N
C
Y
P
A
R
A
M
E
T
E
R
S
A
G
E
N
C
Y
S
Y
M
B
O
L
C
O
M
M
E
N
T
S
 
T
r
i
b
u
t
a
r
y
 
T
r
i
b
u
t
a
r
y
M
o
n
t
h
l
y
Q
u
a
r
t
e
r
l
y
A
s
f
o
r
i
n
t
a
k
e
a
b
o
v
e
T
.
0
.
N
.
,
N
H
3
,
N
0
3
,
T
P
,
S
o
l
u
b
l
e
P
_—
_.
..
_
_
—
_
.
_
_
.
4
_
-
_
—
—
_
—
_
_
.
—
_
.
_
_
—
_
—
_
.
_
.
|
   
A
n
n
u
a
l
M
o
n
t
h
l
y
_
C
d
d
i
s
.
,
C
r
d
i
s
.
,
 
T
,
p
H
,
A
l
k
a
l
i
n
i
t
y
,
H
a
r
d
n
e
s
s
,
C
o
n
d
u
c
t
.
,
C
o
l
o
u
r
,
T
.
0
.
C
.
,
N
0
3
+
N
0
2
,
N
H
3
,
O
r
g
a
n
i
c
N
,
T
P
,
S
o
l
u
b
l
e
 
O
r
t
h
o
-
P
,
T
o
t
a
l
C
o
l
i
f
é
r
m
,
F
e
c
a
l
C
o
l
i
f
o
r
m
,
F
e
c
a
l
S
t
r
e
p
.
,
T
o
t
a
l
S
o
l
i
d
s
!
T
D
S
,
S
S
,
S
u
s
p
e
n
d
e
d
V
o
l
a
t
i
l
e
S
o
l
i
d
s
,
T
C
a
,
T
M
g
,
T
N
a
,
T
K
,
S
O
u
,
C
1
,
5
1
0
2
,
F
e
d
i
s
s
o
l
v
e
d
,
M
n
d
i
s
s
—
o
l
v
e
d
,
M
n
d
i
s
s
o
l
v
e
d
,
N
i
d
i
s
.
,
C
u
d
i
s
.
,
Z
n
d
i
s
.
,
P
b
d
i
s
.
,
T
H
g
,
A
g
d
i
s
.
,
S
e
d
i
s
.
,
B
a
d
i
s
.
,
p
h
e
n
o
l
A
s
,
C
y
a
n
i
d
e
,
F
,
e
n
d
r
i
n
,
l
i
n
d
a
n
e
,
c
h
l
o
r
d
a
n
e
,
h
e
p
t
a
c
h
l
o
r
,
h
e
p
t
a
c
h
l
o
r
e
p
o
x
i
d
e
1
3
.
0
.
,
1
3
.
0
.
1
)
.
,
(
3
.
0
.
1
)
.
,
T
,
p
H
,
a
l
k
a
l
i
n
i
t
y
,
h
a
r
d
n
e
s
s
,
c
o
n
d
u
c
t
.
,
t
u
r
b
i
d
i
t
y
,
T
.
0
.
C
.
,
c
h
l
o
r
o
p
h
y
l
l
g
_
(
a
t
s
e
l
e
c
t
e
d
s
t
a
t
i
o
n
s
)
,
N
0
3
+
N
0
2
,
N
H
g
,
o
r
g
a
n
i
c
N
,
t
o
t
a
l
P
,
s
o
l
u
b
l
e
‘
 
o
r
t
h
o
—
P
,
f
e
c
a
l
c
o
l
i
f
o
r
m
,
(
c
o
n
t
'
d
)
I
W
.
D
.
N
.
R
.
W
.
D
.
N
.
R
.
M
i
c
h
i
g
a
n
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
ur
a
l
R
e
s
o
u
r
c
e
s
(
M
.
D
.
N
.
R
.
)
M
.
D
.
N
.
R
.
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|
(
c
o
n
t
'
d
)
Ta
bl
e
l
(c
on
t'
d)
 
PROGRAM
NO
.
ST
NS
.
S
A
M
P
L
I
N
G
FR
EQ
UE
NC
Y
PA
RA
ME
TE
RS
A
G
E
N
C
Y
SY
MB
OL
CO
MM
EN
TS
Ann
ual
Qu
ar
te
rl
y
Int
ake
Trib
utar
y
 
l
7
 
Mo
nt
hl
y
an
d
2X d
urin
g
sp
ri
ng
ru
no
ff
 
(c
on
t'
d)
fe
ca
l
st
re
p.
,
to
ta
l
so
li
ds
,
T.
D.
S.
,
S.S
.,
Sus
pen
ded
vo
la
ti
le
so
li
ds
,
C1,
810
2.
TC
a,
TM
g,
TN
a,
TK
,
SO”
, T
Mn,
Mn
dis
—
sol
ved
,
Ni
dis
.,
Cu
di
s.
,
Zn
di
s.
,
Pb
di
s.
,
Cd
di
s.
,
Cr
di
s.
,
TH
g,
Ag
di
s.
,
Se
di
s.
,
ph
en
ol
,
As
,
cy
an
id
e,
F,
fl
ow
,
tot
al
gam
ma
(at
se
le
ct
ed
st
at
io
ns
)
phy
top
lan
kto
n,
tot
al
and
fil
ter
ed
rea
cti
ve
P9
TK
N,
NH
3a
N0
39
ch
lo
ro
ph
yl
l
a,
Cl,
di
ss
ol
ve
d'
re
ac
ti
ve
SiOk
Fl
ow
,
TF
e,
pH
,
T,
To
ta
l
an
d
fe
ca
l
col
ifo
rm,
D.O
.,
B.
O.
D.
5,
$10
2,
Co
nd
uc
t.
/
TDS
,
tu
rb
id
it
y,
TP
,
so
lu
bl
e
re
ac
ti
ve
P,
NH
3,
To
ta
l
Kj
el
da
hl
(N
),
N0
3,
N0
2,
3.
3.
,
TO
C,
Cl
,
(o
il
ph
en
ol
,
C.
O.
D.
—
on
ly
in
pr
ob
le
m
ar
ea
s)
 
M.
D.
N.
R.
On
ta
ri
o
Min
ist
ry
of
t
h
e
En
vi
ro
nm
en
t
(M
.O
.E
.)
M.O
.E.
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Tab
le
l
(co
nt'
d)
  
PRO
GRA
M
NO
.
ST
NS
.
SAMP
LING
FR
EQ
UE
NC
Y
PARAM
ETERS
A
G
E
N
C
Y
SY
MB
OL
COMM
ENTS
 
Sp
ec
ia
l
S
t
u
d
i
e
s
(T
hu
nd
er
Bay)
Ni
pi
go
n
B
a
y
,
Ja
ck
fi
sh
B
a
y
.
Pe
ni
ns
ul
a
Ha
rb
ou
r,
Black
B
a
y
,
Pine
Bay
S
p
e
c
i
a
l
St
ud
ie
s
(n
ea
rs
ho
re
)
2
7
67
Quar
terl
y
an
d
on
ce
in
spr
ing
run
off
Mon
thl
y
3X
pe
r
ye
ar
Cd,
Cu,
Pb,
Ni,
Zn,
AS
,
H8
9
30
4,
pes
tic
ide
s (
only
in
pr
ob
le
m
ar
ea
s)
,
PCB'
s, C
r
Parame
ters n
ot
spec
ifie
d
T,
pH,
Al
ka
li
ni
ty
,
D.
O.
,
Se
cc
hi
di
sc
,
tu
rb
id
it
y,
sp
ec
if
ic
co
nd
uc
ti
vi
ty
,
di
ss
ol
ve
d
so
li
ds
,
To
ta
l
an
d
so
lu
bl
e
P
as
P,
To
ta
l
Kj
el
da
hl
N
as
N,
NHg
,
N03
,
dis
sol
ved
510
2,
C1,
SOu
,
TFe
,
ph
en
ol
s,
ch
lo
ro
ph
yl
l
g_
an
d
2,
to
ta
l
an
d
fe
ca
l
co
li
fo
rm
,
fe
ca
l
st
re
pt
oc
oc
ci
M.0
.E.
M.0.E.
M.0
.E.
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Table
l (con
t'd)
PROGRAM
NO.
SAMPLING
STNS.
FREQUENCY
AGENCY
PARAMETERS
SYM
BOL
COMMENTS
 
S
p
e
c
i
a
l
Studies
Atmospheric
Precipi—
tat
ion
 
Canada Centre for
Inland Waters
(C.C.I.W.)
50 3 cruises once every
5 years
Total, P, SO“,
conduct.,
major
ions, toxic materials
10 samples for
organics
5
Monthly Nutrients, common
C.C.I.W.
ions,
trace metals
     
Up to 50 intensive
stations every 5
years or more.
Subject to change
in planning stage.
Locations to be
determined.
 
 Apparent issues and uses pertinent to Lake Superior water quality
are:
Mining — Extraction: taconite, copper (Michigan), Marathon,
Minnesota, nickel
— Smelters (air input): Wawa, Manitoba
- Future lake mining
Pulp and Paper - Thunder Bay, Marathon, Duluth, Terrace Bay
Fisheries — fish tainting
— lamprey control
— contaminants
Spills (ship)
Water Supply — Thunder Bay, Duluth (taconite, turbidity)
Eutrophication — Nearshore Thunder Bay, Duluth
Power
Recreation
Discussion of these items led to specific problem areas and surveillance
programs involving intakes, nearshore, tributaries, on—going monitoring and
intake studies, open lake, biota, and atmospheric input:
Problem Areas
. Thunder Bay
. Duluth—Superior
. Silver Bay
. Wawa
l
2
3
4
5. Marathon
6. Keewenaw
7. Nipigon Bay
8. Carp River
9. Terrace Bay
10. Red Clay Region
76
 
 Surveillance Programs
 
I.
II.
III.
IV.
VI.
VII.
Intakes:
l. 4 stations monthly (suspended solids, turbidity, coliforms,
chlorophyll a, species)
2. 10 stations monthly a) turbidity, biology, nutrients
b) metals
Nearshore:
1. Water quality — 120 stations
2. Biology — 60 stations stonefly (1/5 years)
— CZadophora
— clams
— sediments
Tributaries:
l. 12 tributaries — lS/year complete suite
2. 26 tributaries — 26/year complete suite
Monitoring and Intake:
Sites presently being analyzed.
Open Lake:
Three cruises once every five years — intensive
Biota (for chemicals and metals):
1. Fish
2. Birds
Atmospheric Input:
5 stations
A p
rio
rit
y l
ist
ing
of
the
abo
ve
top
ics
was
the
n d
eve
lop
ed.
 
  
II.
III.
IV.
VI.
Problem Areas
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
Intakes
l.
2.
3.
Nearshore
l.
2.
Tributaries
l.
2.
Monitoring and Intake
Open Lake
Biota
VII. AtmosEheric InEut
78
Highest
Priority
High
Priority
x
x
x
N
Priority
N
N
N
N
>
4
 COMMENTS
J. R. KRAMER
As
po
in
te
d
ou
t
ea
rl
ie
r,
su
rv
ei
ll
an
ce
mu
st
co
nc
en
tr
at
e
in
th
e
ne
ar
sh
or
e
zo
ne
to
pr
ed
ic
t
ch
an
ge
s
th
at
wi
ll
af
fe
ct
th
e
la
ke
on
a
lo
ng
—t
er
m
sc
al
e.
Th
is
ne
ce
ss
it
y
me
an
s
th
at
ag
en
ci
es
of
Mi
nn
es
ot
a,
Mi
ch
ig
an
,
Wi
sc
on
si
n
an
d
On
ta
ri
o
wi
ll
be
ca
rr
yi
ng
ou
t
pr
og
ra
ms
fo
r
al
l
pr
ac
ti
ca
l
pu
rp
os
es
in
de
pe
nd
en
tl
y.
Be
ca
us
e
sa
mp
li
ng
te
ch
ni
qu
es
an
d
an
al
yt
ic
al
pr
oc
ed
ur
es
ar
e
no
t
al
wa
ys
un
if
or
m
an
d
th
er
e
ha
s
be
en
no
de
si
gn
fo
r
in
te
r—
ag
en
cy
co
mp
ar
ab
il
it
y,
I
wo
ul
d
pr
op
os
e
th
at
th
e
st
at
es
an
d
pr
ov
in
ce
sa
mp
le
th
ei
r
ne
ig
hb
or
s'
in
ta
ke
s
an
d
tr
ib
ut
ar
ie
s
at
le
as
t
on
ce
a
ye
ar
.
He
nc
e
On
ta
ri
o
wo
ul
d
ob
ta
in
ad
di
ti
on
al
sa
mp
le
s
in
Mi
ch
ig
an
an
d
Mi
nn
es
ot
a,
Mi
nn
es
ot
a
in
On
ta
ri
o
an
d
Wi
sc
on
si
n,
et
c.
Re
su
lt
s
of
th
e
du
pl
ic
at
e
sa
mp
li
ng
s
co
ul
d
be
co
mp
ar
ed
fo
r
sa
mp
li
ng
an
d/
or
analytical bias.
Fo
r
fu
tu
re
us
ean
d
ch
ec
ki
ng
of
da
ta
,
a
la
rg
e
vo
lu
me
sa
mp
le
ba
nk
sh
ou
ld
be
se
t
up
wi
th
te
n
ga
ll
on
ra
w
sa
mp
le
s
at
4°
C,
ac
id
if
ie
d
sa
mp
le
s
(p
H
2)
an
d
fi
lt
er
ed
sa
mp
le
s.
On
e
ag
en
cy
sh
ou
ld
be
de
si
gn
at
ed
as
cu
ra
to
r
of
th
e
sa
mp
le
s.
Mu
ch
mo
re
de
ta
il
sh
ou
ld
be
gi
ve
n
to
th
e
so
li
d
(s
ed
im
en
t)
ph
as
e
in
wh
ic
h
tr
ac
e
me
ta
ls
an
d
nu
tr
ie
nt
s
co
nc
en
tr
at
e,
an
d
mo
st
or
ga
ni
c
re
ac
ti
on
s,
fo
r
ex
am
pl
e,
me
th
yl
at
io
n,
oc
cu
r.
No
ag
en
cy
ha
s
pr
op
os
ed
to
in
ve
st
ig
at
e
th
e
di
st
ri
bu
ti
on
of
tr
ac
e
me
ta
ls
an
d
nu
tr
ie
nt
s
be
tw
ee
n
th
e
aq
ue
ou
s
an
d
so
li
d
ph
as
e.
Ye
t
mo
st
of
th
e
re
al
va
ri
at
io
n
in
re
Su
lt
s
wi
ll
be
du
e
to
th
e
am
ou
nt
of
co
nt
am
in
at
io
n
as
so
ci
at
ed
wi
th
th
e
se
di
me
nt
as
op
po
se
d
to
th
at
associated with the water.
Da
ta
sh
ou
ld
be
av
ai
la
bl
e
at
on
e
so
ur
ce
fo
r
ea
ch
ag
en
cy
,
pr
ef
er
ab
ly
in
or
ig
in
al
re
co
rd
s
an
d
co
mp
ut
er
co
mp
at
ib
le
fo
rm
.
It
ca
nn
ot
be
ex
pe
ct
ed
th
at
an
y
on
e
of
th
e
in
di
vi
du
al
ag
en
ci
es
wo
ul
d
be
ma
de
re
sp
on
si
bl
e
fo
r
a
cr
it
ic
al
re
vi
ew
of
al
l
of
th
e
da
ta
.
In
st
ea
d
an
al
ys
is
an
d
cr
it
iq
ue
sh
ou
ld
be
ca
rr
ie
d
ou
t
by
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
un
de
r
co
nt
ra
ct
ev
er
y
on
e
or
tw
o
ye
ar
s.
Al
so
,
da
ta
co
ll
ec
te
d
to
da
te
sh
ou
ld
be
an
al
yz
ed
in
te
rm
s
of
se
as
on
al
an
d
lo
ng
-t
er
m
tr
en
ds
,
mu
lt
i—
va
ri
at
e
st
at
is
ti
ca
l
an
al
ys
is
,
an
d
ca
lc
ul
at
io
n
of
ch
em
ic
al
an
d
bi
ol
og
ic
al
pa
ra
me
te
rs
(s
at
ur
at
io
n,
di
ve
rs
it
y,
sp
ec
ie
s
ap
pe
ar
an
ce
,
et
c.
).
Ot
he
r
da
ta
fr
om
th
e
U.
S.
Ge
ol
og
ic
al
Su
rv
ey
an
d
th
e
Wa
te
r
Su
rv
ey
of
Ca
na
da
sh
ou
ld
be
co
ns
id
er
ed
in
th
is
st
ud
y.
Qu
al
it
y
da
ta
ar
e
re
qu
ir
ed
to
as
se
ss
lo
ng
-t
er
m
tr
en
ds
bu
t
th
is
is
no
t
al
wa
ys
po
ss
ib
le
wh
en
sc
ie
nt
if
ic
al
ly
qu
al
if
ie
d
pe
rs
on
ne
l
re
ma
in
in
To
ro
nt
o,
Mi
nn
ea
po
li
s,
Ma
di
so
n
an
d
Ea
st
La
ns
in
g
an
d
as
si
gn
te
ch
ni
ci
an
s,
hi
gh
sc
ho
ol
st
ud
en
ts
an
d
wa
te
r
pl
an
t
op
er
at
or
s
to
do
th
e
sa
mp
li
ng
.
Mo
st
ag
en
cy
pr
og
ra
ms
fo
ll
ow
th
is
pr
oc
ed
ur
e.
Mo
vi
ng
sc
ie
nt
if
ic
pe
rs
on
ne
l
as
we
ll
as
al
l
or
pa
rt
of
th
e
la
bo
ra
to
ry
to
th
e
fi
el
d
wo
ul
d
im
pr
ov
e
re
su
lt
s.
Un
ti
l
as
mu
ch
em
ph
as
is
is
pl
ac
ed
up
on
sa
mp
li
ng
as
up
on
an
al
yt
ic
al
co
nt
ro
l,
po
or
qu
al
it
y
da
ta
ca
n
be
anticipated.
Ta
co
ni
te
ta
il
in
gs
,
th
e
on
e
ma
jo
r
in
pu
t
by
ma
n
to
We
st
er
n
La
ke
Su
pe
ri
or
,
ne
ed
lo
ng
—t
er
m
re
se
ar
ch
an
d
su
rv
ei
ll
an
ce
to
de
te
rm
in
e
th
ei
r
di
st
ri
bu
ti
on
an
d
impact.
 
 F
i
n
a
l
l
y
,
w
h
a
t
o
n
e
s
u
r
v
e
y
s
f
o
r
s
h
o
u
l
d
d
e
p
e
n
d
u
p
o
n
t
h
e
q
u
e
s
t
i
o
n
s
o
n
e
w
i
s
h
e
s
t
o
a
n
s
w
e
r
.
A
g
o
o
d
e
x
e
r
c
i
s
e
w
o
u
l
d
b
e
t
o
o
b
t
a
i
n
q
u
e
s
t
i
o
n
s
a
b
o
u
t
L
a
k
e
S
u
p
e
r
i
o
r
a
n
d
d
e
t
e
r
m
i
n
e
i
f
t
h
e
p
r
o
p
o
s
e
d
p
r
o
g
r
a
m
w
i
l
l
p
r
o
v
i
d
e
t
h
e
a
n
s
w
e
r
s
.
T
w
o
p
o
s
s
i
b
l
e
q
u
e
s
t
i
o
n
s
a
r
e
:
1
.
C
a
n
s
u
b
t
l
e
b
u
t
l
o
n
g
—
t
e
r
m
c
h
a
n
g
e
s
i
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
v
a
r
i
a
b
l
e
w
a
t
e
r
q
u
a
l
i
t
y
p
a
r
a
m
e
t
e
r
s
t
h
a
t
w
i
l
l
b
r
i
n
g
o
n
e
u
t
r
o
p
h
i
c
a
t
i
o
n
o
r
t
o
x
i
c
c
o
n
d
i
t
i
o
n
s
b
e
d
e
f
i
n
e
d
w
i
t
h
t
h
e
p
r
e
s
e
n
t
s
u
r
v
e
i
l
l
a
n
c
e
system?
2
.
W
h
a
t
m
a
t
r
i
x
p
a
r
a
m
e
t
e
r
s
,
i
n
c
l
u
d
i
n
g
t
i
m
e
a
n
d
s
p
a
c
e
,
d
e
f
i
n
e
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
o
f
L
a
k
e
S
u
p
e
r
i
o
r
o
r
a
p
o
r
t
i
o
n
t
h
e
r
e
o
f
?
T
h
e
f
i
r
s
t
q
u
e
s
t
i
o
n
c
a
n
b
e
a
n
s
w
e
r
e
d
w
i
t
h
t
h
e
p
r
o
p
o
s
e
d
s
u
r
v
e
i
l
l
a
n
c
e
p
l
a
n
i
f
i
n
t
e
r
-
a
g
e
n
c
y
a
n
d
i
n
t
r
a
—
a
g
e
n
c
y
s
a
m
p
l
i
n
g
a
n
d
a
n
a
l
y
t
i
c
a
l
c
o
n
t
r
o
l
c
a
n
b
e
b
u
i
l
t
i
n
t
o
i
t
.
T
h
e
s
e
c
o
n
d
q
u
e
s
t
i
o
n
c
a
n
o
n
l
y
b
e
a
n
s
w
e
r
e
d
i
f
m
o
d
e
l
l
e
r
s
a
n
d
p
h
y
s
i
c
a
l
l
i
m
n
o
l
o
g
i
s
t
s
a
r
e
b
r
o
u
g
h
t
i
n
t
o
t
h
e
s
u
r
v
e
i
l
l
a
n
c
e
p
r
o
g
r
a
m
.
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Introduction
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olites and dieldrin), mercury and PCBs, but the list also includes chlordane,
HCB, pthalates, arsenic, cadmium, chromium, copper, zinc and MIREX found in
Great Lakes fish by several investigators. The presence of these "lesser"
contaminants does not represent a problem as such, but it does suggest a strong
need for continued surveillance of known or potential contaminants, and more
aggressive regulatory controls on the loss of contaminants to the lakes. The
contaminants problem is really a double—barrelled one in that they not only
affect the utilization of fish, but probably also play a subtle role in their
growth, reproduction, survival and long term potential (Willford, 1975).
More recently, the occurrence of °<—pyrenes and other polynuclear aromatic
compounds in herring gulls has created serious concern largely because of
their carcinogenic effects. New discoveries relating to incidental exposure
to toxicants and long term disease are revealed daily and although there
have been no reported effects on human health from toxic chemical contam—
ination of the Great Lakes, we cannot afford to forget the potential
devastating effects of these compounds as observed at Minamata and Itai
Itai in Japan. Already, concentrations of mercury, DDT, PCBs, for example,
in some lake sediments and biota have led to implementation of control pro—
grams for these substances. Mercury contamination in the past has resulted
in sharp curtailment of sport and commercial fisheries in lakes St. Clair
and Erie and in the northwestern region of the province of Ontario. As a
result, in 1971, 240 commercial fishermen (representing about 12% of the total)
were idled, four million pounds of fish destroyed and over one million dollars
in revenue lost (Adams, 1972). The smelt and eel commercial fishery and the
coho salmon sport fishery in Lake Ontario are now threatened by high levels
of PCBs. In the United States, the Environmental Protection Agency announced
on January 30, 1975 that a ban on the interstate sale of chubs, coho salmon
and lake trout from Lake Michigan would be imposed if PCB levels had not
declined by spring sampling.
Fish are a basic source of food for man. Most harvested fish, whether
taken by commercial or sport fisherman, eventually end up on the dinner plate.
Emphasis in the past has been placed on the human health implications of
excessive residues in fish with little consideration given to the effects of
contaminants on the fish or the rest of the aquatic ecosystem. While the
importance of the human health aspect cannot be underestimated, it is now
recognized that fish tend to be integrators of aquatic systems and as such,
provide one of the best indicators of the health of those systems. Much of
the rationale of the Federal—Provincial Strategic Planning exercise for the
management of Ontario fisheries (SPOF, 1974) has been based on this premise
and it is equally applicable for development of the contaminants surveillance
program.
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Basic Design Considerations
 
Assessment of water quality in the Great Lakes has been based largely
on measurements of physical and chemical characteristics which have certain
spatial and temporal limitations. Some pollutants may be present in the water
in such low concentrations that their detection with standard analytical
procedures is not adequate for the prediction of possible deleterious effects
on the system. Some components of the biota, however, are integrators and
concentrators of pollutants and can be useful indicators of water quality.
For many purposeswater quality refers to the health of the water as a bio—
logical medium and it is sensible, therefore, to include biological measurements
in a surveillance program.
There are many living organisms in the Great Lakes which are suitable
for monitoring, but for economic reasons the number must be restricted.
Fish are prime candidates for biological surveillance because of their
commercial and recreational importance, their dominant position in the
aquatic food web, their ability to concentrate and integrate certain con-
taminants and their responsiveness to other stresses imposed on aquatic
ecosystems by man. ,Hence we are interested in the health of fish because
they are one of the best indicators of the health of their environment.
There are other organisms, however, which should also be considered 5
for contaminant monitoring. High lipid zooplankton or benthos may, in ;
certain cases, be better indicators of lake conditions because of their ;
short life cycles, sedentary nature, etc. For example, benthos may be the 3
best indicator of local contamination. Therefore, the basic program should J
consider the sampling of other components and, at some point in interpretation,
tying these data in with those collected on water quality. There is also a
need to develop predictive capabilities from ongoing research into the
toxicology and ecosystem metabolism of certain persistent contaminants.
The effects of thermal inputs on fish, particularly entrainment and
impingement, should be assessed eventually. Due to financial limitations,
however, the main thrust of this program is directed towards surveillance
of contaminants.
Objectives
Contaminants can be monitored according to human health criteria or in
relation to the health of the Great Lakes ecosystem. Assuming that the latter
approach is preferable we outline the following objectives for a surveillance
design:
1. To provide baseline information on contaminant levels in Great
Lakes fish and other biota.
 
2. To provide trend information on contaminant residues in Great
Lakes fish and other biota.
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_Collections should be made at the same time each year to minimize bio—
logical effects. The autumn is suggested because of the availability of
numbers and the likelihood of decreasing potential complications through
shifts in body burdens of contaminants as a result of spawning (fall spawners
excepted).
2. Species to be Sampled
In order to reduce variability it is desirable to monitor species which
are representative of all the Great Lakes and are good concentrators of contam—
inants. The Coho salmon species is perhaps the best candidate at this time
but its continued existence is dependent on stocking programs which may be
altered because of high PCB levels. Smelt are also representative but are
short—lived and do not bioconcentrate some contaminants. Lake trout are
representative of the offshore zone in the three upper Great Lakes but not
in lakes Ontario and Erie. Walleye are representative of the inshore
zone and also bioconcentrate contaminants.
Willford in Michigan has used chub, lake trout and coho salmon as a
forager, top predator and lake-wide integrator respectively. The reason for g
choosing representatives of different trophic levels is to obtain some idea é
of food chain accumulation vs direct uptake of contaminants. Niimi (Ontario ‘
Ministry of Natural Resources) has suggested smelt, yellow perch and coho
salmon. Wisconsin Department of Natural Resources recommends carp, walleye
and coho salmon. Pennsylvania (Erie County Department of Health) suggests
yellow perch and salmonids. Ontario Ministry of the Environment is using
minn
ows
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s)
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hat
Wil
lfo
rd'
s n
umb
ers
rep
res
ent
a r
eas
ona
ble
sam
ple
siz
e
to
beg
in
wit
h.
Var
iat
ion
wit
hin
spe
cie
s s
hou
ld
be
det
erm
ine
d f
or
eac
h s
pec
ies
and
the
app
rop
ria
te
siz
e r
ang
e b
ase
d o
n o
bta
ini
ng
goo
d d
ete
cta
ble
lev
els
in
analyses.
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 4.
R
e
p
o
r
t
i
n
g
o
f
R
e
s
u
l
t
s
R
e
s
i
d
u
e
r
e
s
u
l
t
s
a
r
e
p
r
e
s
e
n
t
l
y
r
e
p
o
r
t
e
d
a
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
w
h
o
l
e
f
i
s
h
,
f
i
l
l
e
t
s
,
i
n
d
i
v
i
d
u
a
l
o
r
g
a
n
s
,
e
t
c
.
A
l
l
o
f
t
h
e
s
e
c
a
t
e
g
o
r
i
e
s
a
r
e
u
s
e
f
u
l
a
n
d
n
o
d
o
u
b
t
w
i
l
l
c
o
n
t
i
n
u
e
t
o
b
e
u
s
e
d
f
o
r
t
r
e
n
d
i
n
f
o
r
m
a
t
i
o
n
.
W
h
o
l
e
f
i
s
h
a
r
e
c
o
n
-
s
i
d
e
r
e
d
t
h
e
b
e
s
t
f
o
r
t
r
e
n
d
a
n
a
l
y
s
e
s
b
e
c
a
u
s
e
s
e
a
s
o
n
a
l
v
a
r
i
a
b
i
l
i
t
y
is
r
e
d
u
c
e
d
.
5.
A
n
c
i
l
l
a
r
y
d
a
t
a
T
h
e
f
o
l
l
o
w
i
n
g
a
n
c
i
l
l
a
r
y
d
a
t
a
s
h
o
u
l
d
b
e
r
e
p
o
r
t
e
d
:
l
e
n
g
t
h
,
w
e
i
g
h
t
,
se
x,
ag
e,
Z
li
pi
d.
F
o
r
c
o
m
p
o
s
i
t
e
sa
mp
le
s
a
ve
r
a
g
e
l
e
n
g
t
h
an
d
w
e
i
g
h
t
a
r
e
n
e
c
e
s
s
a
r
y.
C
o
m
p
o
s
i
t
e
s
a
m
p
l
e
s
of
so
me
si
ze
b
r
a
c
k
e
t
s
sh
ou
ld
be
s
e
p
a
r
a
t
e
d
a
c
c
o
r
d
i
n
g
to
se
x.
6.
C
o
m
p
o
u
n
d
s
to
b
e
M
o
n
i
t
o
r
e
d
T
h
e
n
u
m
b
e
r
of
c
o
m
p
o
u
n
d
s
in
t
h
e
e
n
v
i
r
o
n
m
e
n
t
w
h
i
c
h
c
o
u
l
d
b
e
m
o
n
i
t
o
r
e
d
is
l
a
r
g
e
an
d
th
e
co
st
of
an
i
n
c
l
us
i
ve
s
ur
ve
i
l
l
a
n
c
e
p
r
o
g
r
a
m
w
o
u
l
d
be
p
r
o
h
i
b
i
t
i
ve
.
Th
e
c
o
n
t
a
m
i
n
a
n
t
s
w
h
i
c
h
ar
e
n
o
w
p
r
e
s
e
n
t
i
n
g
a
p
r
o
b
l
e
m
wi
l
l
h
a
ve
to
b
e
m
o
n
i
t
o
r
e
d
on
a
r
e
g
ul
a
r
ba
si
s.
T
h
o
s
e
to
b
e
c
o
n
s
i
d
e
r
e
d
i
n
i
t
i
a
l
l
y
w
o
u
l
d
i
n
c
l
ud
e
D
D
T
(a
nd
it
s
me
ta
bo
li
te
s)
,
di
el
dr
in
,
Hg
,
PC
Bs
an
d
so
me
of
th
e
ot
he
r
po
ly
nu
cl
ea
r
ar
om
at
ic
hy
dr
oc
ar
bo
ns
(P
AH
s)
th
at
ha
ve
be
en
fo
un
d
in
si
gn
if
ic
an
t
qu
an
ti
ti
es
in
Gr
ea
t
La
ke
s
aq
ua
ti
c
bi
rd
s.
Th
e
pr
ob
le
m
of
de
ci
di
ng
wh
ic
h
ad
di
ti
on
al
ch
em
-
ic
al
s
to
mo
ni
to
r
is
di
ff
ic
ul
t.
Po
ss
ib
le
ne
w
co
nt
am
in
an
ts
ca
n
be
ev
al
ua
te
d
on
th
e
ba
si
s
of
(a
)
th
ei
r
po
te
nt
ia
l
to
xi
co
lo
gi
ca
l
ef
fe
ct
s
on
th
e
aq
ua
ti
c
ec
o—
sy
st
em
(p
ar
ti
cu
la
rl
y
fi
sh
)
an
d
th
ei
r
im
pl
ic
at
io
ns
fo
r
hu
ma
n
he
al
th
an
d
(b
)
th
ei
r
ma
nu
fa
ct
ur
e
an
d
us
ag
e
in
th
e
Gr
ea
t
La
ke
s
ba
si
n.
A
li
st
of
ch
em
ic
al
s
in
co
mm
on
us
e
in
th
e
Gr
ea
t
La
ke
s
ba
si
n
an
d
lo
ad
in
g
d
a
t
a
to
th
e
la
ke
s
w
o
u
l
d
b
e
a
u
s
e
f
u
l
i
n
s
t
r
um
e
n
t
fo
r
th
e
p
r
e
d
i
c
t
i
o
n
of
p
o
t
e
n
t
i
a
l
problems.
7. Archives
Th
e
st
or
ag
e
of
bi
ol
og
ic
al
sa
mp
le
s
fo
r
fu
tu
re
an
al
ys
is
is
de
si
ra
bl
e
al
th
ou
gh
th
e
lo
ng
te
rm
st
or
ag
e
of
bi
ol
og
ic
al
ma
te
ri
al
wi
th
ou
t
lo
ss
of
qu
al
it
y
is
di
ff
ic
ul
t.
Ne
w
de
ve
lo
pm
en
ts
in
pr
es
er
va
ti
on
ma
y
be
fo
rt
hc
om
in
g
bu
t
at
pr
es
en
t
bo
th
fr
ee
ze
dr
yi
ng
an
d
no
rm
al
fr
ee
zi
ng
sh
ou
ld
be
co
ns
id
er
ed
.
B.
St
at
us
an
d
Tr
en
ds
in
Fi
sh
Co
mm
un
it
ie
s
 
Th
e
lo
ng
te
rm
re
sp
on
se
s
of
fi
sh
co
mm
un
it
ie
s
to
st
re
ss
es
,
su
ch
as
en
ri
ch
me
nt
an
d
al
te
ra
ti
on
of
ha
bi
ta
t,
ar
e
im
po
rt
an
t
in
di
ca
to
rs
of
ma
n'
s
pe
rt
ur
ba
ti
on
s
of
aq
ua
ti
c
ec
os
ys
te
ms
.
Co
ns
id
er
ab
le
in
fo
rm
at
io
n
on
fi
sh
po
pu
la
ti
on
dy
na
mi
cs
an
d
co
mm
un
it
y
st
ru
ct
ur
e
is
pr
es
en
tl
y
be
in
gc
ol
le
ct
ed
by
pr
ov
in
ci
al
an
d
st
at
e
ag
en
ci
es
an
d
re
po
rt
ed
to
th
e
Gr
ea
t
La
ke
s
Fi
sh
er
y
Co
mm
is
si
on
.
Th
es
e
da
ta
se
ts
wi
ll
be
fu
rt
he
r
en
ha
nc
ed
wh
en
On
ta
ri
o'
s
la
ke
as
se
ss
me
nt
un
it
s
an
d
Fi
sh
er
ie
s
In
fo
rm
at
io
n
Sy
st
em
ar
e
op
er
at
io
na
l.
Al
th
ou
gh
no
t
in
cl
ud
ed
in
th
e
pr
es
en
t
de
si
gn
fo
r
fi
sh
er
ie
s
su
rv
ei
ll
an
ce
,
th
is
in
fo
rm
at
io
n
sh
ou
ld
be
co
ns
id
er
ed
in
th
e
ov
er
al
l
ass
ess
men
t o
f w
ate
r
qua
lit
y
in
the
Gre
at
Lak
es.
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 l.
Th
e
Ro
le
of
th
e
Gr
ea
t
La
ke
s
Fi
sh
er
y
Co
mm
is
si
on
Th
e
co
mm
is
si
on
ca
me
in
to
be
in
g
in
Oc
to
be
r
19
55
,
fo
ll
ow
in
g
ra
ti
fi
ca
ti
on
of
a
Co
nv
en
ti
on
on
Gr
ea
t
La
ke
s
Fi
sh
er
ie
s
be
tw
ee
n
th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
.
Th
e
ge
og
ra
ph
ic
ar
ea
of
co
nc
er
n
as
de
sc
ri
be
d
by
th
e
Co
nv
en
ti
on
co
ns
is
ts
of
La
ke
On
ta
ri
o
(i
nc
lu
di
ng
the
St.
La
wr
en
ce
Ri
ve
r
fr
om
La
ke
On
ta
ri
o
to
th
e
fo
rt
y-
fi
ft
h
pa
ra
ll
el
of
la
ti
tu
de
),
la
ke
s
Er
ie
,
St.
Cl
ai
r,
Hu
ro
n,
Mi
ch
ig
an
an
d
Su
pe
ri
or
,
an
d
th
ei
r
co
nn
ec
ti
ng
ch
an
ne
ls
.
Th
e
co
mm
is
si
on
is
co
mp
os
ed
of
ei
gh
t
co
mm
is
si
on
er
s
(f
ou
r
ap
po
in
te
d
by
ea
ch
go
ve
rn
me
nt
)
an
d
a
se
cr
et
ar
ia
t.
Th
ei
r
du
ti
es
in
cl
ud
e
de
ve
lo
pi
ng
an
d
co
or
di
na
ti
ng
fi
sh
er
y
re
se
ar
ch
pr
og
ra
ms
,
ad
vi
si
ng
th
e
go
ve
rn
me
nt
s
on
me
as
ur
es
to
im
pr
ov
e
fi
sh
er
ie
s,
an
d
pr
ep
ar
in
g
an
d
im
pl
em
en
ti
ng
me
as
ur
es
to
co
nt
ro
l
th
e
se
a
la
mp
re
y.
To
th
e
fu
ll
es
t
ex
te
nt
po
ss
ib
le
th
es
e
du
ti
es
ar
e
ca
rr
ie
d
ou
t
by
th
e
fi
sh
er
ie
s
ag
en
ci
es
of
th
e
st
at
es
in
vo
lv
ed
in
th
e
co
nv
en
ti
on
ar
ea
an
d
th
e
Pr
ov
in
ce
of
On
ta
ri
o.
Th
e
co
st
of
op
er
at
in
g
th
e
Co
mm
is
si
on
is
sh
ar
ed
by
th
e
tw
o
go
ve
rn
me
nt
s
on
th
e
fo
ll
ow
in
g
ba
si
s:
ge
ne
ra
l
re
se
ar
ch
an
d
ad
mi
ni
st
ra
ti
on
—
50
:5
0;
se
a
la
mp
re
y
co
nt
ro
l
-
U.
S.
69
:
Ca
na
da
31
.
Al
mo
st
96
.7
%
of
Co
mm
is
si
on
fu
nd
s
to
da
te
ha
ve
be
en
us
ed
in
se
a
la
mp
re
y
co
nt
ro
l.
In
ad
di
ti
on
to
th
e
se
a
la
mp
re
y
co
nt
ro
l
pr
og
ra
m,
th
e
Co
mm
is
si
on
ha
s
co
op
er
at
ed
wi
th
fi
sh
er
ie
s
ag
en
ci
es
in
pr
og
ra
ms
to
re
st
or
e
de
pl
et
ed
fi
sh
st
oc
ks
.
To
ev
al
ua
te
th
e
ne
ed
fo
r
an
d
th
e
re
su
lt
s
fr
om
re
st
or
at
io
n
pr
og
ra
ms
,
th
e
ag
en
ci
es
ha
ve
be
en
in
vo
lv
ed
in
th
e
mo
ni
to
ri
ng
of
fi
sh
st
oc
ks
.
Th
is
st
at
us
an
d
tr
en
d
in
fo
rm
at
io
n
on
th
e
im
po
rt
an
t
co
mm
er
ci
al
,
sp
or
t
an
d
fo
ra
ge
sp
ec
ie
s
in
th
e
Gr
ea
t
La
ke
s
is
re
po
rt
ed
an
nu
al
ly
to
th
e
Co
mm
is
si
on
.
Th
e
au
th
or
it
y
fo
r
re
gu
la
ti
on
s
an
d
ma
na
ge
me
nt
re
ma
in
s
wi
th
th
e
ei
gh
t
st
at
es
in
th
e
co
nv
en
ti
on
an
d
th
e
Pr
ov
in
ce
of
On
ta
ri
o.
Th
e
Co
mm
is
si
on
's
ro
le
is
to
co
or
di
na
te
an
d
do
cu
me
nt
th
e
da
ta
,
di
st
ri
bu
te
in
fo
rm
at
io
n,
pr
ov
id
e
gu
id
an
ce
an
d
en
co
ur
ag
e
co
op
er
at
io
n
am
on
g
th
e
ag
en
ci
es
.
Th
e
Co
mm
is
si
on
al
so
ha
s
a
Fi
sh
Di
se
as
e
Co
nt
ro
l
Co
mm
it
te
e
re
sp
on
si
bl
e
fo
r
su
rv
ei
ll
an
ce
of
fi
sh
di
se
as
es
.
2.
Br
ie
f
Su
mm
ar
y
of
Ac
ti
vi
ti
es
of
Gr
ea
t
La
ke
s
Fi
sh
er
ie
s
Ag
en
ci
es
Th
e
ma
in
pu
rp
os
e
of
st
oc
k
as
se
ss
me
nt
by
th
e
ag
en
ci
es
is
to
ob
ta
in
in
fo
rm
at
io
n
to
as
si
st
in
th
e
ma
na
ge
me
nt
of
fi
sh
er
ie
s
re
so
ur
ce
s.
Sp
ec
if
ic
objectives are:
(a
)
to
as
se
ss
ra
te
of
gr
ow
th
an
d
ye
ar
cl
as
s
st
ru
ct
ur
e
of
im
po
rt
an
t
species,
(b
)
to
de
te
rm
in
e
fr
om
tr
en
d
in
fo
rm
at
io
n
if
ex
pl
oi
ta
ti
on
is
j
e
o
p
a
r
d
i
z
i
n
g
a
p
o
p
u
l
a
t
i
o
n
an
d,
if
n
e
c
e
s
s
a
r
y,
to
r
e
c
o
m
m
e
n
d
al
te
ra
ti
on
of
re
gu
la
ti
on
s,
(c
)
to
de
te
rm
in
e
se
as
on
al
di
st
ri
bu
ti
on
an
d
ab
un
da
nc
e
of
yo
un
g
fi
sh
to
be
tt
er
ev
al
ua
te
en
vi
ro
nm
en
ta
l
di
st
ur
ba
nc
es
,
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(d
)
t
o
e
v
a
l
u
a
t
e
t
h
e
n
e
e
d
f
o
r
a
n
d
r
e
s
u
l
t
s
f
r
o
m
r
e
s
t
o
r
a
t
i
o
n
programs,
(
e
)
t
o
a
s
s
e
s
s
i
m
p
a
c
t
o
f
n
e
w
i
n
t
r
o
d
u
c
t
i
o
n
s
o
n
e
x
i
s
t
i
n
g
p
o
p
u
l
a
t
i
o
n
s
a
n
d
t
h
e
p
o
t
e
n
t
i
a
l
o
f
h
a
r
v
e
s
t
i
n
g
u
n
d
e
r
u
t
i
l
i
z
e
d
s
p
e
c
i
e
s
,
(
f
)
t
o
e
s
t
i
m
a
t
e
t
h
e
d
a
m
a
g
e
f
r
o
m
s
e
a
l
a
m
p
r
e
y
p
r
e
d
a
t
i
o
n
a
n
d
t
h
e
r
e
s
u
l
t
s
o
f
t
h
e
c
o
n
t
r
o
l
p
r
o
g
r
a
m
.
T
h
e
a
g
e
n
c
i
e
s
o
b
t
a
i
n
i
n
f
o
r
m
a
t
i
o
n
o
n
f
i
s
h
p
o
p
u
l
a
t
i
o
n
s
t
h
r
o
u
g
h
s
p
e
c
i
f
i
c
s
a
m
p
l
i
n
g
p
r
o
g
r
a
m
s
,
c
o
l
l
e
c
t
i
o
n
a
n
d
a
n
a
l
y
s
e
s
o
f
c
o
m
m
e
r
c
i
a
l
c
a
t
c
h
r
e
c
o
r
d
s
a
n
d
a
c
e
n
s
u
s
o
f
s
p
o
r
t
f
i
s
h
e
r
i
e
s
.
S
u
m
m
a
r
i
e
s
o
f
t
h
i
s
i
n
f
o
r
m
a
t
i
o
n
a
r
e
r
e
p
o
r
t
e
d
a
n
n
u
a
l
l
y
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
F
i
s
h
e
r
y
C
o
m
m
i
s
s
i
o
n
.
3
.
L
i
a
i
s
o
n
w
i
t
h
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
(
I
J
C
)
T
h
e
G
r
e
a
t
L
a
k
e
s
F
i
s
h
e
r
y
C
o
m
m
i
s
s
i
o
n
h
a
s
h
a
d
c
o
n
s
i
d
e
r
a
b
l
e
s
u
c
c
e
s
s
i
n
p
r
o
m
o
t
i
n
g
i
n
t
e
r
a
g
e
n
c
y
c
o
o
p
e
r
a
t
i
o
n
f
o
r
t
h
e
s
o
l
v
i
n
g
o
f
m
u
t
u
a
l
G
r
e
a
t
L
a
k
e
s
f
i
s
h
e
r
i
e
s
p
r
o
b
l
e
m
s
.
B
e
c
a
u
s
e
t
h
e
C
o
m
m
i
s
s
i
o
n
r
e
c
o
g
n
i
z
e
s
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
t
h
e
e
n
v
i
r
o
n
m
e
n
t
t
o
t
h
e
f
i
s
h
e
r
i
e
s
i
t
w
i
s
h
e
s
t
o
d
e
v
e
l
o
p
c
l
o
s
e
r
l
i
a
i
s
o
n
w
i
t
h
a
g
e
n
c
i
e
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
w
a
t
e
r
q
u
a
l
i
t
y
a
n
d
l
a
n
d
u
s
e
.
T
o
t
h
i
s
e
n
d
t
h
e
C
o
m
m
i
s
s
i
o
n
i
s
e
a
g
e
r
t
o
h
a
v
e
a
c
l
o
s
e
r
a
s
s
o
c
i
a
t
i
o
n
w
i
t
h
t
h
e
I
J
C
.
0
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
e
I
J
C
s
h
o
u
l
d
r
e
c
o
g
n
i
z
e
t
h
e
i
m
p
o
r
t
a
n
t
r
o
l
e
t
h
a
t
t
h
e
F
i
s
h
e
r
y
C
o
m
m
i
s
s
i
o
n
i
s
p
l
a
y
i
n
g
i
n
t
h
e
c
o
o
r
d
i
n
a
t
i
o
n
o
f
f
i
s
h
s
u
r
v
e
i
l
l
a
n
c
e
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
.
I
t
i
s
o
u
r
v
i
e
w
t
h
a
t
,
i
n
t
h
e
i
n
t
e
r
e
s
t
o
f
o
b
t
a
i
n
i
n
g
t
r
e
n
d
i
n
f
o
r
m
a
t
i
o
n
o
n
a
l
o
n
g
t
e
r
m
b
a
s
i
s
,
t
h
e
I
J
C
s
h
o
u
l
d
b
e
w
i
l
l
i
n
g
t
o
c
o
o
p
e
r
a
t
e
w
i
t
h
a
n
d
s
u
p
p
o
r
t
t
h
e
F
i
s
h
e
r
y
C
o
m
m
i
s
s
i
o
n
.
J.H. Leach
L
I
T
E
R
A
T
U
R
E
C
I
T
E
D
A
d
a
m
s
,
G
.
F
.
"
I
m
p
a
c
t
o
f
m
e
r
c
u
r
y
c
o
n
t
a
m
i
n
a
t
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SIIIIIIHIIES
The Nearshore Areas
The current and proposed sampling programs for the nearshore areas of
all lakes are designed, as I believe they should be, primarily to keep
problem areas under observation. At present, they produce little inform—
ation on whole lake changes and in the lower lakes it is difficult to see
how it can be otherwise.
I thought that the plan for Lake Michigan was the best thought out,
or, at any rate, the best presented. I noted also that it included a
proposal for regular samplingof the benthos. This should be a feature of
the other programs since there is already a good deal of information on the
effects of pollution on the nearshore benthos of the Great Lakes. Sampling
the benthos is just as likely, or perhaps more so, to indicate changes as
many of the other parameters to be measured. Furthermore, it would provide
baseline data that we badlyneed. I strongly dispute the implications of
some people at the meeting that this sort of approach is "research".
In l
akes
Supe
rior
and
Huro
n,
Geor
gian
Bay
and
nort
hern
Lake
Mich
igan
,
it seems to me that an opportunity is being missed to use possible changes
in t
he n
ears
hore
regi
on i
n th
e as
sess
ment
of c
hang
es t
hat
may
be O
CCur
ring
in the lake as a whole.
In t
hose
lake
s th
ere
are
long
stre
tche
s of
shor
e,
far
remo
ved
from
area
s un
der
susp
icio
n,
faci
ng t
he o
pen
wate
r.
They
can,
ther
efor
e, b
e
reasonably supposed to reflect open-lake conditions in a nearshore context.
Sampling some of them in conjunction with the five-year open—lake surveill—
ance surveys would, then, add a new dimension to those surveys and enhance
thei
r va
lue.
This
woul
d be
part
icul
arly
true
if s
peci
fic
atte
ntio
n we
re
dire
cted
to t
he b
iota
, wh
ich,
as m
enti
oned
abov
e,
are
like
ly t
o be
amon
g th
e
first indicators of change. We know that the shallow water biota tend to
diff
er f
rom
thos
e of
the
open
lake
, an
d th
e sa
me a
ppli
es t
o so
me c
hemi
cal
parameters.
In
the
sam
e w
ay,
the
sha
llo
wer
wat
ers
aro
und
cer
tai
n s
tra
teg
ica
lly
pla
ced
islands should be used to add information to open-lake surveys. Thus, such
plac
es a
s Be
aver
Isla
nd,
the
isla
nds
in w
este
rn L
ake
Erie
and
even
the
tips
of l
ong
peni
nsul
as,
for
exam
ple
Long
Poin
t an
d th
e so
uthe
rn e
xtre
mity
of
Pri
nce
Edw
ard
Cou
nty
, c
oul
d b
e e
xpl
oit
ed
to
ext
end
thi
s a
ppr
oac
h i
nto
tho
se
lake
s wh
ere
a gr
eat
deal
of t
he n
ears
hore
zone
is u
nder
some
sort
of s
uspi
cion
.
 
  
The Onshore Areas
Wit
h t
he
exc
ept
ion
of
CZa
dop
hor
a,
whi
ch
is
dis
cus
sed
bel
ow,
the
ver
y
sha
llo
w o
nsh
ore
are
as
see
m t
o b
e i
n d
ang
er
of
tot
al
neg
lec
t i
n t
he
sur
vei
lla
nce
pro
gra
m.
Thi
s h
as
ind
eed
bee
n t
hei
r f
ate
in
a l
ong
ser
ies
of
eco
log
ica
l
stu
die
s c
ond
uct
ed
on
the
Gre
at
Lak
es.
Yet
, w
her
e s
hor
es
are
exp
ose
d
to
the
ope
n l
ake
, w
e f
ind
an
alm
ost
mar
iti
me
sit
uat
ion
, w
ith
a c
ont
inu
al
swe
ll
of
bre
aki
ng
wav
es
and
wat
er
mov
eme
nt.
A r
ive
rin
e r
ath
er
tha
n a
lac
ust
rin
e
hab
ita
t r
esu
lts
, o
ccu
pie
d b
y a
gre
at
man
y r
unn
ing
wat
er
org
ani
sms
.
Thi
s i
s p
art
icu
lar
ly
tru
e i
n l
ake
s S
upe
rio
r a
nd
Hur
on,
Geo
rgi
an
Bay
,
and
perh
aps
also
in n
orth
ern
Lake
Mich
igan
, a
ltho
ugh
we h
ave
no c
erta
in
information on this. The fauna include such organisms as stoneflies,
mayf
lies
and
cadd
isfl
ies,
whic
h re
act
adve
rsel
y to
very
smal
l le
vels
of
orga
nic
and
some
type
s of
indu
stri
al p
ollu
tion
.
Moni
tori
ng t
his
faun
a as
part
of t
he r
egul
ar l
ong—
term
stud
y of
the
uppe
r la
kes
woul
d,
ther
efor
e,
brin
g to
the
asse
ssme
nt o
f th
e co
ndit
ion
of t
he G
reat
Lake
s th
emse
lves
a
mean
s of
usin
g kn
owle
dge
alre
ady
avai
labl
e on
the
effe
cts
of p
ollu
tion
on
the
faun
a of
erod
ing
subs
trat
a in
runn
ing
wate
r.
It i
s wo
rk t
hat
can
very
easily be done from the road rather than from a costly ship, by a couple
of m
en w
ith
scub
a ge
ar a
nd a
suit
able
suct
ion
samp
ler
that
can
be m
ade
for
a few dollars. This should be done early in the season, soon after ice—
out, to get the best results and, at least initially, more frequently than
the intensive open—lake surveys.
It is also probable that the periphyton on the shore is also similar
to that of running water particularly in its ability to grow Cladophora,
and if this is generally true, there exists, once again, a great store of
knowledge from the running water field that could be exploited. Indeed,
this might enable the concept of onshore studies to be carried also into
the lower lakes by means of the islands and peninsulas mentioned above. I
was told during the workshop that a group from the University of Minnesota
had performed some enrichment experiments on isolated areas of Lake Superior
with particular respect to Cladophora. Such work, extended to other algae,
such as diatoms and blue—greens, would provide valuable pointers to develop-
ments that might be watched for in periphyton composition.
Cladoghora
The question of using some sort of index of growth of Cladophora,
perhaps by remote sensing, was raised at the meeting, and it is also dis—
cussed at some length in "Cladophora in the Great Lakes" published by the
Research Advisory Board. The red alga Bangia, which has spread in Western
Lake Erie,southern Lake Huron and Lake Michigan, was also mentioned as a
possible indicator of eutrophication.
Yet, quite astonishingly, these excellent tools are apparently not
being used in the program. We were even told that surveillance personnel
could not be expected to develop a CZadophora index.
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Clearly, such an index, or a number of them, is a prerequisite for
using CZadOphora in surveillance, but surely some method for use in the
upper lakes should be developed and applied immediately, even if it proves
to be an imperfect one that has to be calibrated later against a better
one.
We know that CZadophora, and also apparently Bangia, have quite recently
spread in lakes Erie and Michigan almost certainly as a result of human
activity. This is one of the few biological effects on which we have
reasonably reliable early data, and it is clearly going to be of major use
in the monitoring of change in the upper lakes, on both the shore and islands.
Thus, some fairly simple research on CZadophora as a tool for this
work seems to me to have very highpriority. I would indeed go further and
suggest that the whole complex of organisms associated with it merits
study. It seems very probable that different organisms will become assoc—
iate
d wi
th i
t as
it d
evel
ops.
For
exam
ple,
Gamm
arus
fasc
iatu
s is
much
more
abundant in Cladophora in Lake Erie than in Lake Huron. This sort of
asso
ciat
ion
may
rend
er C
lado
phor
a on
e of
the
most
powe
rful
and
univ
ersa
l de
—
vic
es
pre
sen
tly
ava
ila
ble
to
us
in
the
ass
ign
men
t o
f e
col
ogi
cal
cha
nge
s i
n t
he
St. Lawrence basin.
Ground Water
I f
oun
d i
t s
urp
ris
ing
tha
t n
one
of
the
pro
gra
ms,
nor
any
of
the
dis
—
cus
sio
ns
on
sur
vei
lla
nce
of
the
nea
rsh
ore
zon
es
for
all
fiv
e m
ajo
r l
ake
s,
mad
e a
ny
ser
iou
s m
ent
ion
of
gro
und
wat
er.
Thi
s w
as
des
pit
e t
he
fac
t t
hat
the
re
was
muc
h t
alk
of
nut
rie
nt
and
tox
ica
nt
loa
din
g i
n c
onn
ect
ion
wit
h
stream and effluent monitoring.
It
is
oft
en
ass
ume
d,
cer
tai
nly
qui
te
err
one
ous
ly,
tha
t g
rou
ndw
ate
r
inp
ut
to
lak
es
is
of
lit
tle
con
seq
uen
ce,
and
yet
alo
ng
all
the
tho
usa
nds
of
kil
ome
tre
s o
f c
oas
tli
ne
aro
und
the
Lau
ren
tia
n L
ake
s t
hat
see
ms
hig
hly
improbable.
I
sug
ges
t
tha
t
her
e
aga
in
the
re
is
a s
eri
ous
lac
k
in
the
pro
gra
m,
and
tha
t
eff
ort
s
sho
uld
be
mad
e
to
ide
nti
fy
are
as
whe
re
gro
und
wat
er
inp
ut
is
lik
ely
to
occ
ur
and
to
mea
sur
e t
he
nut
rie
nt
loa
d t
hat
it
car
rie
s.
Conclusions
A. Surveillance
My
ge
ne
ra
l
co
nc
lu
si
on
s
ar
e
th
at
th
e
su
rv
ei
ll
an
ce
pl
an
ne
d
fo
r
ne
ar
sh
or
e
are
as
is
rea
son
abl
e f
or
the
pur
pos
e o
f l
oca
l c
ont
rol
.
It
sho
uld
, h
owe
ver
,
be
exp
and
ed
to
inc
lud
e c
oll
ect
ion
of
bio
log
ica
l s
amp
les
,
for
exa
mpl
e p
lan
kto
n
and
ben
tho
s.
Thi
s i
s p
art
ly
bec
aus
e t
he
bio
ta
pro
vid
e a
n i
mpo
rta
nt
add
iti
ona
l
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 me
an
s
of
as
se
ss
me
nt
an
d
al
so
be
ca
us
e
we
ne
ed
th
e
ba
se
li
ne
da
ta
.
On
e
ca
n
im
ag
in
e
ho
w
he
lp
fu
l
it
wo
ul
d
be
no
w
to
ha
ve
re
al
ly
go
od
da
ta
on
CZ
ad
op
ho
ra
going back many decades.
Ne
ar
sh
or
e
sa
mp
li
ng
,
pa
rt
ic
ul
ar
ly
in
th
e
up
pe
r
la
ke
s,
sh
ou
ld
be
in
—
cl
ud
ed
in
th
e
op
en
—l
ak
e
lo
ng
-t
er
m
su
rv
ey
s
to
co
ve
r
so
me
ar
ea
s
wh
ic
h
ar
e
no
t
su
sp
ec
te
d
of
be
in
g
su
bj
ec
t
to
lo
ca
l
ef
fe
ct
s
an
d
al
so
so
me
is
la
nd
ar
ea
s.
In
the
upp
er
lak
es
a w
hol
e n
ew,
but
che
ap,
pro
gra
m o
f
ons
hor
e
sam
pli
ng
sho
uld
be
sta
rte
d.
Als
o,
in
all
lak
es,
an
imm
edi
ate
wat
ch
on
CZa
dop
hor
a
sho
uld
be
beg
un
and
an
ind
ex
dev
ise
d
by
wha
tev
er
mea
ns
are
cur
ren
tly
kno
wn.
Cle
arl
y
the
se
las
t
two
act
ivi
tes
wil
l
cal
l
for
som
e
int
egr
ati
on
of
ide
as
and
met
hod
s.
Per
hap
s
thi
s
can
be
arr
ang
ed
tho
ugh
the
Int
ern
ati
ona
l
Joint Commission.
B. Research
The
hig
hes
t p
rio
rit
y i
s t
o d
eve
lop
som
e w
ay
of
ass
ess
ing
Cla
dop
hor
a.
Rem
ote
sen
sin
g i
s a
pos
sib
ili
ty
alr
ead
y s
tud
ied
on
a t
ria
l b
asi
s,
but
oth
er
met
hod
s s
hou
ld
be
stu
die
d a
nd
eva
lua
ted
,
to
avo
id
rel
yin
g h
eav
ily
on
one
ide
a t
hat
may
not
wor
k.
Suc
h m
eth
ods
cou
ld
inc
lud
e a
rea
l c
ove
r b
y m
eas
ure
-
men
t o
r e
sti
mat
ion
(as
is
don
e f
or
clo
uds
),
wei
ght
or
vol
ume
per
uni
t a
rea
of
def
ine
d s
ubs
tra
tum
,
art
ifi
cia
l s
ubs
tra
ta,
buo
ys,
etc
.
It
is
eas
y t
o
think of many more.
Sec
ond
ly,
and
par
tic
ula
rly
in
the
upp
er
lak
es,
a s
tud
y s
hou
ld
be
mad
e
of
the
ons
hor
e p
eri
phy
ton
wit
h s
pec
ial
ref
ere
nce
to
enr
ich
men
t o
f t
he
wat
er.
Thi
s w
oul
d p
ara
lle
l s
imi
lar
wor
k d
one
in
riv
ers
, a
nd
cou
ld
inv
olv
e
set
s o
f s
amp
les
at
var
iou
s d
ist
anc
es
fro
m k
now
n s
our
ces
of
tro
ubl
e a
nd
exp
eri
men
tal
enr
ich
men
t o
f s
mal
l a
rea
s.
Suc
h w
ork
mig
ht
be
exp
ect
ed
to
pro
vid
e a
ver
y v
alu
abl
e m
ean
s o
f a
sse
ssi
ng
cha
nge
s t
hat
pre
ced
e i
nva
sio
n b
y
CZa
dop
hor
a.
A s
tud
y o
f B
ang
ia
wou
ld
fit
in
her
e a
s i
t i
s p
rob
abl
y o
nly
a
spe
cia
l c
ase
of
a g
ene
ral
phe
nom
eno
n.
Bei
ng
fil
ame
nto
us
and
pur
ple
it
is
easily seen.
Oth
er
sur
vei
lla
nce
res
ear
chto
pic
s t
hat
see
m u
rge
nt
are
a s
tud
y o
f
the
com
mun
iti
es
of
org
ani
sms
ass
oci
ate
d w
ith
CZa
dop
hor
a a
nd
the
dev
elo
pme
nt
of m
etho
ds
to m
easu
re a
nd a
sses
s th
e in
puts
of g
roun
dwat
er t
o th
e la
kes.
The
fir
st
of
the
se
stu
die
s c
oul
d v
ery
wel
l p
rov
ide
a w
ay
of
dis
tin
gui
shi
ng
new,
rela
tive
ly o
ligo
trop
hic
Clad
opho
ra z
ones
from
more
enri
ched
ones
, t
hus
making the alga an even more useful tool than it is.
The
seco
nd i
s re
ally
outs
ide
my f
ield
of e
xper
tise
, bu
t I
do k
now,
from
my
inte
rest
in r
unni
ng w
ater
, t
hat
infl
ow o
f gr
ound
wate
r ca
n be
meas
ured
,
that methods which work on lake beds are available, that it seems that most
input is in nearshore, even inshore waters, and that groundwater often
carries significant amounts of nutrients. One can suppose, therefore, that
differences in loading may accompany changes in land use, as is known to
occur with agriculture. This should not be ignored in the surveillance of
the lakes as a whole.
H.B.N. Hynes
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Introduction
This plan was prepared by the Radioactivity Subcommittee for the
Workshop as a separate entity without attempting to build onto current
radiological monitoring efforts. This draft represents part of the con—
tinuing effort of the Subcommittee to develop a detailed radioactivity
surveillance program. Very little of this effort is directed to the
estimation of dose equivalent from ambient lake water, which forms the
basis of the objective.
Cost estimates which have beenmade by the Radioactivity Subcommittee
are rather premature, in light of all the technical details requiring
prior resolution. However, the surveillance to determine compliance
with the Ambient Water Quality Objective (AWQO) would not require much
more sampling effort than that already expended for surveillance for
other motives.
Early in the development of any program for the surveillance of a
radio—environment it is critical that certain elements of the program
receive thorough attention. In addition to the obvious interest of
sampling location, type, and frequency, high importance must be assigned
to the areas of rationale, priorities, quality assurance, review and
application of the data, and publication.
Bases and Rationale
The motive for the establishment of a radiological surveillance program
for the Great Lakes and their tributaries is the evaluation of the quality
of those waters against the stated AWQO developed under international
agreement. AWQO proposed a TEDso of no more than 1 mrem to the whole body
as a result of the daily ingestion of 2.2 litres of lake water per year by
a standard man. Dose equivalent to a single organ or tissue shall be in
proportion to the dose limit recommended by the International Commission on
Radiological Protection (ICRP) for that tissue. Dose equivalent to individual
organs and tissues, for the purposes of this report, are taken to be one—five
thousandth (1/5000) of the ICRP dose equivalent criterion for occupational
exposure since the l mrem to the whole body as per the objective is that
fraction of the ICRP recommendation of 5 rem to the whole body.
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As
so
ci
at
ed
wi
th
th
e
AW
QO
is
a
pr
oc
ed
ur
e
fo
r
co
nt
ro
ll
in
g
po
in
t
so
ur
ce
in
pu
ts
of
ra
di
oa
ct
iv
it
y
to
th
e
Gr
ea
t
La
ke
s.
A
so
ur
ce
co
nt
ro
l
ar
ea
(S
CA
)
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th
at
ar
ea
wi
th
in
a
on
e
ki
lo
me
tr
e
ra
di
us
of
th
e
di
sc
ha
rg
e
fr
om
a
de
si
gn
at
ed
so
ur
ce
.
Mo
ni
to
ri
ng
of
ra
di
on
uc
li
de
co
nc
en
tr
at
io
ns
in
wa
te
r
sa
mp
le
s
fr
om
th
e
pe
ri
ph
er
y
of
th
e
SC
A
pr
ov
id
es
TE
Ds
o
me
as
ur
em
en
ts
th
at
wi
ll
re
qu
ir
e
de
fi
ne
d
ac
ti
on
co
nd
it
io
ns
de
pe
nd
in
g
on
wh
et
he
r
th
e
le
ve
l
is
(i
)
le
ss
th
an
1
mr
em
,
(i
i)
be
tw
ee
n
1
an
d
5
mr
em
,
an
d
(i
ii
)
in
ex
ce
ss
of
5
mr
em
.
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Th
e
an
al
yt
ic
al
sc
he
me
s
an
d
se
ns
it
iv
it
ie
s
fo
r
se
ve
ra
l
cr
it
ic
al
ra
di
o—
is
ot
op
es
as
re
qu
ir
ed
to
es
ta
bl
is
h
co
mp
li
an
ce
wi
th
th
e
wa
te
r
qu
al
it
y
ob
je
ct
iv
e
en
co
ur
ag
e
th
e
us
e
of
go
od
si
ze
co
mp
os
it
e
sa
mp
le
s.
El
eg
an
t
an
al
ys
es
of
gr
ab
sa
mp
le
s
fr
eq
ue
nt
ly
ha
ve
mi
sl
ea
di
ng
co
ns
eq
ue
nc
es
in
th
at
th
e
so
ph
is
ti
ca
ti
on
of
th
e
re
su
lt
s
ov
er
po
we
rs
th
e
cr
ud
en
es
s
of
th
e
sa
mp
le
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A
hi
er
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ch
y
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pe
s
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wa
te
r
sa
mp
le
s
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pr
op
os
ed
.
1.
Pe
ri
ph
er
y
of
So
ur
ce
Co
nt
ro
l
Ar
ea
Al
th
ou
gh
th
e
AW
QO
do
es
no
t
al
lu
de
to
co
nt
ri
bu
ti
on
s
fr
om
co
nt
ro
ll
ed
so
ur
ce
s,
it
co
nt
in
ue
s
to
be
pr
ud
en
t
to
in
cl
ud
e
so
ur
ce
mo
ni
to
ri
ng
in
th
e
su
rv
ei
ll
an
ce
sc
he
me
to
de
te
rm
in
e
wh
at
ac
ti
on
le
ve
l
re
gi
me
is
ex
ta
nt
at
th
e
SC
A
pe
ri
ph
er
y.
Ad
eq
ua
te
as
se
ss
me
nt
of
th
e
co
nt
ri
bu
ti
on
fr
om
co
nt
ro
ll
ed
so
ur
ce
s
wi
ll
ne
ce
ss
it
at
e
sa
mp
li
ng
mo
re
fr
eq
ue
nt
ly
th
an
th
e
mi
ni
mu
m
of
4
an
nu
al
me
as
ur
em
en
ts
in
di
ca
te
d
in
th
e
ag
re
em
en
t
on
th
e
AW
QO
.
 
In
li
gh
t
of
th
e
la
ke
in
ve
nt
or
y
of
fi
ss
io
n
pr
od
uc
ts
fr
om
at
mo
sp
he
ri
c
we
ap
on
s
te
st
in
g,
an
al
yt
ic
sc
he
me
s
mu
st
be
se
le
ct
ed
wh
ic
h
ac
cu
ra
te
ly
as
si
gn
ob
se
rv
ed
ac
ti
vi
ti
es
to
th
e
pr
op
er
so
ur
ce
.
A
us
ef
ul
te
ch
ni
qu
e
in
th
at
ar
ea
is
th
e
de
ve
lo
pm
en
t
of
89
Sr
/9
°S
r
an
d
13
“C
s/
13
70
3
ac
ti
vi
ty
ra
ti
os
wh
ic
h
ar
e
si
gn
if
ic
an
tl
y
gr
ea
te
r
in
th
e
ef
fl
ue
nt
s
of
th
er
ma
l
fi
ss
io
n
fa
ci
li
ti
es
th
an
in older products of Weapons testing.
It
is
re
co
mm
en
de
d
th
at
wa
te
rs
at
or
ne
ar
th
e
pe
ri
ph
er
y
of
th
e
SC
A
of
the
fac
ili
ty
out
fal
l
be
sam
ple
d
at
lea
st
on
a m
ont
hly
sch
edu
le.
Gra
b
sa
mp
li
ng
wi
ll
ha
ve
to
be
ac
ce
pt
ab
le
in
th
at
mo
st
de
si
ra
bl
e
lo
ca
ti
on
s
ar
e
seldom attended on a continuing basis.
In
the
cas
e
whe
re
the
con
tro
lla
ble
sou
rce
is
loc
ate
d
on
a t
rib
uta
ry,
the
str
eam
sho
uld
be
sam
ple
d
at
a d
ist
anc
e
of
one
to
fiv
e
kil
ome
tre
s
dow
nst
rea
m
of
the
out
fal
l.
Sam
pli
ng
sho
uld
be
fro
m t
he
ban
k
of
the
str
eam
whe
re
the
plu
me
is
lik
ely
to
be
obs
erv
ed.
Thi
s
sam
ple
is
to
be
acc
omp
ani
ed
by
a
gra
b
sam
ple
of
wat
er
tak
en
fro
m a
sui
tab
le
ups
tre
am
loc
ati
on
on
the
sam
e d
ay.
In
the
cas
e
whe
re
the
con
tro
lla
ble
sou
rce
is
loc
ate
d
on
the
sho
re
of
a
lak
e,
the
wat
er
sho
uld
bes
amp
led
one
met
re
bel
ow
the
sur
fac
e a
t t
wo
poi
nts
nea
r t
he
sho
re
lin
e a
nd
at
lea
st
two
poi
nts
in
the
lak
e p
rop
er
at
loc
i o
ne
kil
ome
tre
fro
m t
he
sou
rce
out
fal
l.
The
sel
ect
ion
of
sam
pli
ng
poi
nts
sho
uld
all
ow
for
the
sam
pli
ng
of
at
lea
st
one
poi
nt
lik
ely
to
be
in
the
plu
me
at
the
tim
e o
f s
amp
lin
g.
The
se
ind
ivi
dua
l m
ont
hly
sam
ple
s s
hal
l b
e c
omp
osi
ted
for analysis on a quarterly basis.
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2. Ambient Waters. These samples provide for the assessment of ambient
lake waters, namely those waters well outSide the SCA. Sampling of the
waters of the open lakes is included in this consideration.
It is generally apparent that no organization is engaged in the routine
year round radiological surveillance of open lake water. Studies are done,
however, on a periodic basis by several organizations in the interest of
applied research.
These surveillance efforts are certainly of considerable merit. Their
results must enter into the evaluation of the prevailing quality of lake
water. These data, however, are not applicable to the assessment of con—
trolled source conditions, nor are they indicative of human uptake.
The organizations which conduct these studies should make the results
routinely available to the International Joint Commission (IJC) along with
their discussion of the results.
3. Drinking Water.r It is recommended that monthly paired composites of
raw and finished domestic drinking water be considered. Finished drinking
water is the only point at which uptake by man can truly be observed.
Further, finished drinking water is sampled frequently and routinely at the
treatment plant, a situation lending itself to compositing. The composite
sampling of raw water at domestic water treatment plants provides a companion
estimation of lake water conditions as directed to man.
4. Biota. Although the discussion of the AWQO does not call for the
immediate determination of dose equivalent due to intake of food harvested
from the lakes, it is worthwhile to begin early sampling of aquatic foods.
The most significant aquatic food at this time is fish flesh. The
major sources are commercial fisheries.
M
It is recommended that fish flesh intended for human consumption be
sampled at least annually at the processing point. A sample shall be
collected from each species being processed.
 
Quality Assurance 3
When applying environmental data to estimating dose equivalent to a
postulated individual, the radiation protection specialist is generally H
prone to accepting the data as being flawless and above critical observ- L
ation. The public at large, including non-specialists, is particularly g
vulnerable to the acceptance of these improper conclusions. E
In that the international agreement on the AWQO is subject to the
interpretation of data generated by a number of agencies under the jur—
isdiction of local, provincial, state, and federal governments, it is
crucial to the long term durability of the agreement that each datum,
regardless of analyst, be compatible and traceable to a recognized author-
ity in radioanalytic standards.
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It
is
re
co
mm
en
de
d,
th
en
,
th
at
ea
ch
la
bo
ra
to
ry
su
pp
ly
in
g
da
ta
fo
r
de
mo
ns
tr
at
in
g
co
mp
li
an
ce
wi
th
th
e
AW
QO
sh
ou
ld
ha
ve
de
mo
ns
tr
at
ed
it
s
ca
p-
ab
il
it
y
to
pr
od
uc
e
re
li
ab
le
da
ta
to
a
sp
ec
if
ic
au
th
or
it
y
in
ra
di
oa
na
ly
ti
ca
l
st
an
da
rd
s.
Th
is
ca
pa
bi
li
ty
sh
al
l
be
de
mo
ns
tr
at
ed
to
th
e
re
qu
ir
ed
ra
di
o-
an
al
yt
ic
se
ns
it
iv
it
y
be
fo
re
th
e
pr
od
uc
t
da
ta
ca
n
be
us
ed
to
de
te
rm
in
e
compliance with the objectives.
The
spe
cif
ic
qua
lif
yin
g
age
ncy
mus
t
be
ide
nti
fie
d a
nd
an
int
ern
ati
ona
l
quality assurance protocol developed.
It
is
rec
omm
end
ed
tha
t
all
qua
lif
ied
par
tic
ipa
tin
g
org
ani
zat
ion
s
ado
pt
a s
tan
dar
d
for
mat
for
the
rep
ort
ing
of
dat
a
as
wel
l
as
sta
nda
rd
def
ini
tio
ns
of minimum detectable activity and analytic errors.
Review and Application
It
is
fre
que
ntl
y
the
cas
e
whe
n
env
iro
nme
nta
l
dat
a
are
pub
lis
hed
tha
t
the
dat
a a
lon
e a
re
lis
ted
wit
hou
t b
ene
fit
of
ade
qua
te
dis
cus
sio
n i
ncl
udi
ng
rec
onc
ili
ati
on
of
art
ifa
cts
and
ass
oci
ate
d p
hen
ome
na.
It
is
rec
omm
end
ed,
the
n,
tha
t
rep
ort
s
to
the
IJC
fro
m
the
rad
ioa
nal
yti
c
org
ani
zat
ion
s i
ncl
ude
ind
ica
tio
n o
f o
bse
rve
d c
onc
ent
rat
ion
s a
nd
the
met
hod
of
ave
rag
ing
,
the
cal
cul
ate
d T
EDs
o,
the
err
ors
ass
oci
ate
d w
ith
bot
h e
sti
mat
es,
and
a d
isc
uss
ion
of
ano
mal
ous
dat
a.
The
IJC
's
Rad
ioa
cti
vit
y S
ubc
omm
itt
ee
(RS
C)
whi
ch
ass
emb
les
thi
s i
nfo
rma
tio
n s
hou
ld
ver
ify
the
con
tin
ued
qua
lif
ica
tio
n
of
the
rep
ort
ing
lab
ora
tor
y f
or
rad
ioa
nal
yti
c c
apa
bil
ity
.
The
RSC
com
pil
ati
on
mus
t i
ncl
ude
a d
isc
uss
ion
of
the
sig
nif
ica
nce
of
the
fin
ish
ed
dat
a i
n t
erm
s
of
pas
t o
bse
rva
tio
ns
and
the
occ
urr
enc
e o
f r
ece
nt
eve
nts
,
suc
h a
s a
tmo
sph
eri
c
weapons tests, which may have produced significant impact.
Reports and Publication
Data provided to the IJC shall include:
a)
Sam
pli
ng
loc
ati
on
by
nam
e,
lat
itu
de
and
lon
git
ude
, n
ame
of
the
lake or tributary, name of effluent source as applicable.
b) Sample type: composited finished or raw drinking water,
composited source oriented grab samples, etc.
c) Sampling date(s).
d) Radionuclide concentrations and associated error.
e) Estimated total dose equivalent and associated error.
f) Indication of current qualification status of submitted laboratory.
g) Discussion of data anomalies.
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Data shall be reported on a quarterly basis within 60 days of the close
of the quarter.
In light of the number of states involved on the U.S. side, it is
recommended that the U.S. Environmental Protection Agency serve as the coor—
dinator for state—generated data.
Sampling locations and agencies are given in Table l.
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TABLE 1
S
A
M
P
L
I
N
G
L
O
C
A
T
I
O
N
S
A
N
D
A
G
E
N
C
I
E
S
S
A
M
P
L
I
N
G
L
O
C
A
T
I
O
N
S
N
u
c
l
e
a
r
G
e
n
e
r
a
t
i
n
g
S
t
a
t
i
o
n
S
o
u
r
c
e
C
o
n
t
r
o
l
A
r
e
a
s
L
a
k
e
M
i
c
h
i
g
a
n
:
Z
i
o
n
I
a
n
d
I
I
(
I
l
l
i
n
o
i
s
)
K
e
w
a
u
n
e
e
(
W
i
s
c
o
n
s
i
n
)
P
o
i
n
t
B
e
a
c
h
I
a
n
d
I
I
(
W
i
s
c
o
n
s
i
n
)
P
a
l
i
s
a
d
e
s
(
M
i
c
h
i
g
a
n
)
B
i
g
R
o
c
k
P
o
i
n
t
(
M
i
c
h
i
g
a
n
)
D
o
n
a
l
d
C
.
C
o
o
k
(
M
i
c
h
i
g
a
n
)
L
a
k
e
O
n
t
a
r
i
o
:
G
i
n
n
a
I
(
N
e
w
Y
o
r
k
)
N
i
n
e
M
i
l
e
P
o
i
n
t
I
(
N
e
w
Y
o
r
k
)
P
i
c
k
e
r
i
n
g
A
(
O
n
t
a
r
i
o
)
F
i
t
z
p
a
t
r
i
c
k
(
N
e
w
Y
o
r
k
)
L
a
k
e
H
u
r
o
n
:
D
o
u
g
l
a
s
P
o
i
n
t
(
O
n
t
a
r
i
o
)
B
r
u
c
e
A
(
O
n
t
a
r
i
o
)
F
u
e
l
R
e
p
r
o
c
e
s
s
i
n
g
P
l
a
n
t
L
a
k
e
E
r
i
e
:
M
o
u
t
h
o
f
C
a
t
t
a
r
a
u
g
u
s
C
r
e
e
k
,
N
u
c
l
e
a
r
F
u
e
l
S
e
r
v
i
c
e
s
(New York)
F
u
e
l
P
r
o
d
u
c
t
i
o
n
P
l
a
n
t
L
a
k
e
O
n
t
a
r
i
o
:
P
o
r
t
H
o
p
e
,
E
l
d
o
r
a
d
o
N
u
c
l
e
a
r
(
O
n
t
a
r
i
o
)
U
r
a
n
i
u
m
M
i
n
i
n
g
a
n
d
M
i
l
l
i
n
g
L
a
k
e
H
u
r
o
n
:
M
o
u
t
h
o
f
S
e
r
p
e
n
t
R
i
v
e
r
(
O
n
t
a
r
i
o
)
AGENCIES
U
n
i
t
e
d
S
t
a
t
e
s
C
a
n
a
d
a
L
a
k
e
O
n
t
a
r
i
o
:
N
.
Y
.
S
t
a
t
e
B
u
r
e
a
u
o
f
R
a
d
i
o
l
o
g
i
c
a
l
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
P
o
l
l
u
t
i
o
n
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
t
h
e
E
n
v
i
r
o
n
m
e
n
t
A
g
e
n
c
y
H
e
a
l
t
h
&
W
e
l
f
a
r
e
C
a
n
a
d
a
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
H
e
a
l
t
h
L
a
k
e
E
r
i
e
:
N
.
Y
.
S
t
a
t
e
B
u
r
e
a
u
of
R
a
d
i
o
l
o
g
i
c
a
l
E
n
v
i
r
o
n
m
e
n
t
C
a
n
a
d
a
P
o
l
l
u
t
i
o
n
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
P
e
n
n
s
y
l
v
a
n
i
a
B
u
r
e
a
u
of
R
a
d
i
o
l
o
g
i
c
a
l
t
h
e
E
n
v
i
r
o
n
m
e
n
t
H
e
a
l
t
h
O
n
t
a
r
i
o
M
i
n
i
s
t
r
y
o
f
H
e
a
l
t
h
Oh
io
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Agency
Mi
ch
ig
an
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Service
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Agency
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United States Canada
Lake Huron: Michigan Environmental Protection Environment Canada
Service Ontario Ministry of
U.S. Environmental Protection the Environment
Agency Health & Welfare Canada
Ontario Ministry of Health
Lake Michigan: Michigan Environmental Protection Environment Canada
Service
Illinois Environmental Protection
Agency
Wisconsin Dept. of Nat. Resources
U.S. Environmental Protection Agency
Lake Superior: Minnesota Pollution Control Agency Environment Canada
Wisconsin Dept. of Nat. Resources Ontario Ministry of
Michigan Environmental Protection the Environment
Service OntarioMinistry of Health
U.S. Environmental Protection
Agency
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Th
e
ma
jo
r
pr
ob
le
m
in
th
e
fo
rm
ul
at
io
n
an
d
ap
pl
ic
at
io
n
of
a
su
rv
ei
ll
an
ce
an
d
mo
ni
to
ri
ng
pr
og
ra
m
fo
r
th
e
Gr
ea
t
La
ke
s
an
d
co
nn
ec
ti
ng
wa
te
rw
ay
s
ap
pe
ar
s
to
be
th
e
lo
w
pr
io
ri
ty
gi
ve
n
to
th
es
e
ef
fo
rt
s,
pa
rt
ic
ul
ar
ly
by
th
e
st
at
e
agencies.
Si
nc
e
th
e
fe
de
ra
l
go
ve
rn
me
nt
s
of
th
e
Un
it
ed
St
at
es
an
d
Ca
na
da
pr
ov
id
e
a
si
gn
if
ic
an
t
po
rt
io
n
of
th
e
fu
nd
in
g
fo
r
bo
th
st
at
e
an
d
pr
ov
in
ci
al
ag
en
ci
es
,
th
es
e
pr
io
ri
ti
es
co
ul
d
be
ch
an
ge
d
if
it
wa
s
st
ip
ul
at
ed
th
at
a
ce
rt
ai
n
pe
r—
ce
nt
ag
e
of
fu
nd
in
g
ha
d
to
be
sp
en
t
on
su
rv
ei
ll
an
ce
an
d
mo
ni
to
ri
ng
.
It
ca
nn
ot
be
ov
er
—e
mp
ha
si
ze
d
th
at
th
e
in
di
vi
du
al
s
wi
th
in
th
e
st
at
e
an
d
pr
o—
vi
nc
ia
l
ag
en
ci
es
wh
o
ar
e
re
sp
on
si
bl
e
fo
r
th
e
pr
og
ra
ms
re
co
gn
iz
e
th
is
pr
ob
le
m.
Ho
we
ve
r,
th
ey
do
no
t
es
ta
bl
is
h
po
li
cy
.
An
ot
he
r
si
gn
if
ic
an
t
pr
ob
le
m
co
nc
er
ns
th
e
ex
ch
an
ge
of
da
ta
be
tw
ee
n
ag
en
ci
es
,
pa
rt
ic
ul
ar
ly
if
on
e
is
Ca
na
di
an
an
d
th
e
ot
he
r
U.
S.
Th
e
re
ce
nt
pr
ov
is
io
n
of
ac
ce
ss
by
th
e
Ca
na
da
Ce
nt
re
fo
r
In
la
nd
Wa
te
rs
to
ST
OR
ET
an
d
th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
to
th
e
Ce
nt
re
's
co
mp
ut
er
da
ta
fi
le
s
is
an
im
po
rt
an
t
st
ep
to
wa
rd
s
a
so
lu
ti
on
.
It
is
n
o
t
p
o
s
s
i
b
l
e
,
g
i
ve
n
th
e
cu
rr
en
t
an
d
a
n
t
i
c
i
p
a
t
e
d
fi
sc
al
l
i
m
i
t
a
t
i
o
n
s
,
fo
r
th
e
op
en
—w
at
er
,
ne
ar
sh
or
e,
in
ta
ke
s
an
d
tr
ib
ut
ar
ie
s
to
be
mo
ni
to
re
d
on
an
an
nu
al
ba
si
s.
Th
er
ef
or
e,
it
wi
ll
be
ne
ce
ss
ar
y
to
fo
rm
ul
at
e
a
tw
o-
ti
er
pr
og
ra
m
co
ns
is
ti
ng
of
ge
ne
ra
l
mo
ni
to
ri
ng
su
pp
le
me
nt
ed
by
le
ss
fr
eq
ue
nt
in
te
ns
iv
e
ef
fo
rt
s.
Fo
r
al
l
th
e
la
ke
s
i
n
t
e
n
s
i
ve
s
a
m
p
l
i
n
g
s
h
o
ul
d
be
do
ne
at
le
as
t
o
n
c
e
e
ve
r
y
f
i
ve
ye
ar
s,
w
i
t
h
th
e
e
xc
e
p
t
i
o
n
of
La
k
e
S
up
e
ri
o
r
w
h
i
c
h
co
ul
d
be
p
l
a
c
e
d
on
a
t
we
n
t
y—
ye
a
r
cy
cl
e.
Th
is
do
es
no
t
p
r
e
c
l
ud
e
th
e
n
e
e
d
fo
r
i
n
t
e
n
s
i
ve
e
xa
m
—
i
n
a
t
i
o
n
of
s
p
e
c
i
a
l
p
r
o
b
l
e
m
s
,
su
ch
as
th
e
p
o
s
s
i
b
l
e
im
pa
ct
of
th
e
t
a
c
o
n
i
t
e
t
a
i
l
i
n
g
s
o
n
t
h
e
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
of
S
u
p
e
r
i
o
r
.
H
o
w
e
v
e
r
,
s
u
f
f
i
c
i
e
n
t
t
i
m
e
a
n
d
f
un
d
i
n
g
m
us
t
b
e
d
e
vo
t
e
d
to
th
e
d
e
b
ug
g
i
n
g
of
sa
mp
li
ng
,
an
al
ys
is
,
an
d
d
a
t
a
m
a
n
i
p
u
l
a
t
i
o
n
p
r
o
c
e
d
u
r
e
s
p
r
i
o
r
to
th
e
i
m
p
l
e
m
e
n
t
i
o
n
of
th
e
i
n
t
e
n
s
i
ve
su
rv
ey
s.
O
t
h
e
r
w
i
s
e
,
t
h
e
i
n
f
o
r
m
a
t
i
o
n
c
o
m
p
i
l
e
d
d
u
r
i
n
g
t
h
e
i
n
i
t
i
a
l
p
e
r
i
o
d
of
t
h
e
s
u
r
v
e
y
s
would be of little value.
T
h
e
a
p
p
l
i
c
a
t
i
o
n
o
f
r
e
m
o
t
e
s
e
n
s
i
n
g
f
r
o
m
b
o
t
h
a
i
r
p
l
a
n
e
s
a
n
d
s
a
t
e
l
l
i
t
e
s
w
o
u
l
d
c
ut
c
o
s
t
s
w
h
i
l
e
i
n
c
r
e
a
s
i
n
g
c
o
v
e
r
a
g
e
.
H
o
w
e
v
e
r
,
m
o
r
e
a
c
c
u
r
a
t
e
g
r
o
u
n
d
t
r
u
t
h
i
s
n
e
c
e
s
s
a
r
y
t
o
i
m
p
r
o
v
e
t
h
e
i
n
t
e
r
p
r
e
t
a
t
i
o
n
o
f
i
n
f
o
r
m
a
t
i
o
n
f
r
o
m
t
h
e
re
mo
te
mo
ni
to
ri
ng
de
vi
ce
s.
a
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 i
n
p
r
o
j
e
c
t
i
n
g
p
o
s
s
i
b
l
e
c
h
a
n
g
e
s
i
n
d
f
r
e
q
u
e
n
c
y
o
f
f
u
t
u
r
e
s
a
m
p
l
i
n
g
.
M
o
r
e
u
r
a
c
y
o
f
t
h
e
s
e
m
o
d
e
l
s
,
e
s
p
e
c
i
a
l
l
y
i
n
M
a
t
h
e
m
a
t
i
c
a
l
m
o
d
e
l
s
c
o
u
l
d
a
l
s
o
a
i
d
w
a
t
e
r
q
u
a
l
i
t
y
a
s
w
e
l
l
a
s
t
h
e
l
o
c
a
t
i
o
n
a
n
v
e
r
i
f
i
c
a
t
i
o
n
i
s
n
e
e
d
e
d
t
o
i
m
p
r
o
v
e
t
h
e
a
c
e
t
h
e
i
r
a
p
p
l
i
c
a
t
i
o
n
s
t
o
n
e
a
r
s
h
o
r
e
a
r
e
a
s
.
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Laboratory's enquiries.
[WEE]
IIIIIIIIENI SIIIWHllMIIIE Mlll
MIINIIIIIIINE PIIﬂIiIIAMS -
AEEHIIIES Mlll AREAS
The following are the agencies which responded to the Great Lakes
The water quality data being collected by each
agency is summarized in Appendix II.
LAKE
LAKE
LAKE
LAKE
ERIE — OPEN LAKE
Canada Centre for Inland Waters
Erie COunty Department of Health (Pennsylvania)
Great Lakes Laboratory
Ohio State University
ERIE — NEARSHORE
Ohio State University (SEE Lake Erie — Open Lake)
Ontario Ministry of the Environment
ERIE — TRIBUTARIES
County of Erie — Buffalo
Eri
e
Cou
nty
Dep
art
men
t
of
Hea
lth
(Pe
nns
ylv
ani
a)
(SEE Lake Erie - Open Lake)
Michigan Water Resources Commission
(SEE Lake Superior - Tributaries)
Ohio Environmental Protection Agency
Ohio State University (SEE Lake Erie — Open Lake)
Ontario Ministry of the Environment
(SEE Lake Erie — Nearshore)
ERIE — WATER INTAKES
Ohio Environmental Protection Agency
(SEE Lake Erie - Tributaries)
Ontario Ministry of the Environment
(SEE Lake Erie — Nearshore)
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LAKE HURON — OPEN LAKE
La
rg
e
La
ke
s
Re
se
ar
ch
St
at
io
n
LAKE HURON - NEARSHORE
La
rg
e
La
ke
s
Re
se
ar
ch
St
at
io
n
(S
EE
La
ke
Hu
ro
n
-
Op
en
La
ke
)
On
ta
ri
o
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
(SEE Lake Superior — Nearshore)
LAKE HURON - TRIBUTARIES
La
rg
e
La
ke
s
Re
se
ar
ch
St
at
io
n
(S
EE
La
ke
Hu
ro
n
—
Op
en
La
ke
)
Mi
ch
ig
an
Wa
te
r
Re
so
ur
ce
s
Co
mm
is
si
on
(SEE Lake Superior — Tributaries)
LAKE MICHIGAN - OPEN LAKE
Un
it
ed
St
at
es
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
LAKE MICHIGAN - NEARSHORE
Un
it
ed
St
at
es
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(SEE Lake Michigan - Open Lake)
LAKE MICHIGAN - TRIBUTARIES
Michigan Water Resources Commission
(SEE Lake Superior - Tributaries)
LAKE ONTARIO - OPEN LAKE
Canada Centre for Inland Waters
LAKE ONTARIO — NEARSHORE
Ontario Ministry of the Environment
(SEE Lake Ontario — Tributaries)
LAKE ONTARIO - TRIBUTARIES
Ontario Ministry of the Environment
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LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
LAKE
ONTARIO — WATER INTAKES
Ontario Ministry of the Environment
{SEE Lake Ontario — Tributaries)
ST. CLAIR — OPEN LAKE
United States Environmental Protection Agency
ST. CLAIR - NEARSHORE
United States Environmental Protection Agency
(SEE Lake St. Clair - Open Lake)
ST. CLAIR — TRIBUTARIES
Michigan Water Resources Commission
(SEE Lake Superior — Tributaries)
SUPERIOR — OPEN LAKE
Minnesota Pollution Control Agency
Wisconsin Bureau of Water Quality
SUPERIOR - NEARSHORE
Ontario Ministry of the Environment
SUPERIOR - TRIBUTARIES
Michigan Water Resources Commission
Minnesota Pollution Control Agency
(SEE Lake Superior - Open Lake)
SUPERIOR — WATER INTAKES
Minnesota Pollution Control Agency
(SEE Lake Superior - Open Lake)
DETROIT RIVER
Michigan Water Resources Commission
ST. LAWRENCE RIVER
Canada Centre for Inland Waters
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WE
R
E
M
H
SUMMARY IABIES
The following tables summarize in terms of parameters and sampling fre-
quency,
the water quality data being collected by each agency which responded
to the surveillance and monitoring enquiries of the Great Lakes Laboratory.
From this information, it appears that more attention should be given to the
nearshore regions.
In some geographic areas, such as New York State, a comp-
rehensive nearshore monitoring program does not exist.
CCIW
MOE
PENN DER
GLL
US EPA
OSU
MICH WRC
OHIO EPA
COE BUFFALO
MINN PCA
WISC DNR
Key to symbols used on Tables
annual
monthly
quarterly
(
J
D
/
0
3
>
|
|
selected stations
Key to Agencies
Canada Centre for Inland Waters
Ontario Ministry of the Environment
Pennsylvania Department of Environmental Resources
Great Lakes Laboratory, State University College,
Buffalo
U.S. Environmental Protection Agency
Ohio State University
Michigan Water Resources Commission
Ohio Environmental Protection Agency
Corps of Engineers, Buffalo
Minnesota Pollution Control Agency
Wisconsin Department of Natural Resources
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 TABLE 1
L
A
K
E
O
N
T
A
R
I
O
O
P
E
N
L
A
K
E
M
O
N
I
T
O
R
I
N
G
P
R
O
G
R
A
M
S
P
A
R
A
M
E
T
E
R
S
C
C
I
W
M
O
E
Co
li
fo
rm
—
to
ta
l
M
Coliform — fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
BODs
Temperature
Conductivity/TBS
Suspended Solids
S
u
s
p
e
n
d
e
d
V
o
l
a
t
i
l
e
s
o
l
i
d
s
T
o
t
a
l
P
h
o
s
p
h
o
r
us
(u
nf
.)
To
ta
l
di
ss
ol
ve
d
ph
os
ph
or
us
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Pa
rt
ic
ul
at
e
C
an
d
N
A
Oil and phenols
Pe
st
ic
id
es
AS
PCB
Alkalinity
Asbestos
Si
li
ca
A
A
Ch
lo
ri
de
Q
A
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
>
B
>
O
O
O
O
>
O
D
O
O
>
>
>
>
>
3
>
>
>
P
 
llO
TABLE 2
LAKE ONTARIO NEARSHORE MONITORING PROGRAMS
PARAMETERS MOE
Coliform — total A
Coliform — fecal
Chlorophyll series A
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia A
Total Kjeld. nitrogen
Nitrate & nitrite A
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica A
Chloride A
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
>
D
>
D
>
£
>
D
>
D
>
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TABLE 3
LA
KE
ON
TA
RI
O
WA
TE
R
IN
TA
KE
S
MO
NI
TO
RI
NG
PR
OG
RA
MS
PA
RA
ME
TE
RS
yo
_E
Co
li
fo
rm
—
to
ta
l
M
Coliform - fecal
Ch
lo
ro
ph
yl
l
se
ri
es
A
Flow
Turbidity
pH
Dissolved oxygen A
BO
D 5
A
Temperature A
Conductivity/TBS A
Suspended Solids A
Suspended Volatile solids
Total Phosphorus (unf.) A
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia A
Total Kjeld. nitrogen
Nitrate & nitrite A
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Si
li
ca
A
Chloride A
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
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TABLE 4
LAKE ONTARIO TRIBUTARY MONITORING PROGRAMS*
PARAMETERS
Coliform — total
Coliform - fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia ‘
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
*In
for
mat
ion
on
thi
s w
as
not
ava
ila
ble
at
the
wor
ksh
op
and
has
not
yet
bee
n
tabulated in this format.
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TABLE 5
LA
KE
ER
IE
OP
EN
LA
KE
MO
NI
TO
RI
NG
PR
OG
RA
MS
PARAMETERS
Coliform - total
Coliform — fecal
C
h
l
o
r
o
p
h
y
l
l
s
e
r
i
e
s
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TDS
Suspended Solids
S
u
s
p
e
n
d
e
d
V
o
l
a
t
i
l
e
s
o
l
i
d
s
T
o
t
a
l
P
h
o
s
p
h
o
r
us
(u
nf
.)
T
o
t
a
l
d
i
s
s
o
l
v
e
d
p
h
o
s
p
h
o
r
u
s
So
l.
re
ac
t.
ph
os
ph
or
us
Soluble phosphorus
Ammonia
T
o
t
a
l
Kj
el
d.
n
i
t
r
o
g
e
n
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
gar
A
A
M
3
Z
3
3
0
0
.
0
0
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
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PENN
DER
Q
Q
.
0
«
0
4
0
0
0
4
0
4
0
D
O
0
0
O
GLL
w
OSU
USEPA
3
x
3
AS
AS
AS
AS
AS
AS
AS
AS
AS
 TABLE 6
LAKE ERIE NEARSHORE MONITORING PROGRAMS
PARAMETERS
Coliform — total
Coliform — fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TDS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
CCIW
3
>
>
3
3
Z
z
0
0
0
0
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
PENN
DER
Q
Q
0
0
0
0
0
0
0
0
0
0
0
0
OSU
USEPA
 
Z
3
Z
3
3
Z
Z
3
3
MOE
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 —
—
  
TABLE 7
LA
KE
ER
IE
WA
TE
R
IN
TA
KE
S
MO
NI
TO
RI
NG
PR
OG
RA
MS
PE
NN
MI
CH
OH
IO
PA
RA
ME
TE
RS
p
g
B
C
E
A
M
Co
li
fo
rm
—
to
ta
l
M
A
‘
Co
li
fo
rm
-
fe
ca
l
A
M
Ch
lo
ro
ph
yl
l
se
ri
es
M
Flow
Tu
rb
id
it
y
M
A
M
M
pH
M
A
M
Di
ss
ol
ve
d
ox
yg
en
M
M
BO
D5
M
Te
mp
er
at
ur
e
M
A
M
Co
nd
uc
ti
vi
ty
/T
DS
M
A
M
Su
sp
en
de
d
So
li
ds
A
M
Suspended Volatile solids
To
ta
l
Ph
os
ph
or
us
(u
nf
.)
M
A
M
M
Total dissolved phosphorus
So
l.
re
ac
t.
ph
os
ph
or
us
A
M
M
Soluble phosphorus ’
Am
mo
ni
a
M
A
M
To
ta
l
Kj
el
d.
ni
tr
og
en
A
M
Ni
tr
at
e
&
ni
tr
it
e
M
A
M
TO
C
A
M
Particulate C and N
Oi
l
an
d
ph
en
ol
s
A
M
Pe
st
ic
id
es
A
A
PC
B
M
A
Al
ka
li
ni
ty
M
A
Asbestos M
Sil
ica
A
M
M
Ch
lo
ri
de
M
A
M
Fl
uo
ri
de
A
A
Su
lf
at
e
A
A
Aluminum
Ar
se
ni
c
A
A
Ba
ri
um
A
A
Ca
dm
iu
m
A
A
Calcium
Ch
ro
mi
um
A
A
Co
pp
er
A
A
Cyanide
Ir
on
A
M
Le
ad
A
A
Magnesium
Manganese
Me
rc
ur
y
M
A
A
Ni
ck
el
A
A
Potassium
Se
le
ni
um
A
A
Silver
Sodium
Zi
nc
A
A
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_TABLE 8
LAKE ERIE TRIBUTARY MONITORING PROGRAMS
COE PENN MICH OHIO
PARAMETERS BUFFALO DER WRC EPA MOE
Co
li
fo
rm
-
to
ta
l
M
M
Co
li
fo
rm
—
fe
ca
l
M
M
M
Ch
lo
ro
ph
yl
l
se
ri
es
Ms
Fl
ow
M
M
M
M
Turb
idit
y
M
M
M
M
pH
M
M
M
M
Dis
sol
ved
oxy
gen
M
M
M
M
BOD
5
M
M
M
Tem
per
atu
re
M
M
M
M
Con
duc
tiv
ity
/TD
S
M
M
M
M
M
Sus
pen
ded
Sol
ids
M
M
M
M
Suspended Volatile solids
Tot
al
Pho
sph
oru
s
(un
f.)
M
M
M
M
M
’Total dissolved phosphorus
Sol
.
re
ac
t.
ph
os
ph
or
us
M
M
M
M
Soluble phosphorus
Amm
oni
a
M
M
M
M
M
Tot
al
Kje
ld.
nit
rog
en
M
M
M
Nit
rat
e
& n
itr
ite
M
M
M
M
M
TOC
M
M
M
M
Particulate C and N
Oil
and
phe
nol
s
A
M
M
Pes
tic
ide
s
A
Q
PCB
M
A
Q
Alk
ali
nit
y
M
M
Asbestos
Sil
ica
M
M
M
M
Chl
ori
de
M
M
M
M
Flu
ori
de
A
A
Sul
fat
e
M
A
A
Q
Aluminum
Ars
eni
c
A
A
Q
Bar
ium
A
Ca
dm
iu
m
A
A
A
Q
Calcium
Ch
ro
mi
um
A
A
A
Q
Cop
per
A
A
A
Q
Cyanide
Ir
on
M
A
M
M
Le
ad
A
A
A
Q
Magnesium
Manganese
Mer
cur
y
A
A
A
Q
Ni
ck
el
A
A
A
Q
Potassium
Sel
eni
um
A
A
Silver
Sodium
Zin
c
A
A
Q
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TABLE 9
DE
TR
OI
T
RI
VE
R
MO
NI
TO
RI
NG
PR
OG
RA
M
MICH
PA
RA
ME
TE
RS
EE
C
M
Q
E
US
EP
A
Co
li
fo
rm
—
to
ta
l
M
M
Co
li
fo
rm
—
fe
ca
l
M
M
Ch
lo
ro
ph
yl
l
se
ri
es
MS
MS
Fl
ow
M
M
T
u
r
b
i
d
i
t
y
M
M
P
H
M
M
Di
ss
ol
ve
d
ox
yg
en
M
M
BO
D5
M
M
Te
mp
er
at
ur
e
M
M
Co
nd
uc
ti
vi
ty
/T
BS
M
M
Su
sp
en
de
d
So
li
ds
M
M
Su
sp
en
de
d
Vo
la
ti
le
so
li
ds
To
ta
l
Ph
os
ph
or
us
(u
nf
.)
M
M
D
To
ta
l
di
ss
ol
ve
d
ph
os
ph
or
us
So
l.
re
ac
t.
ph
os
ph
or
us
M
M
D
Soluble phosphorus
Am
mo
ni
a
M
M
To
ta
l
Kj
el
d.
ni
tr
og
en
M
M
Ni
tr
at
e
&
ni
tr
it
e
M
M
TO
C
M
M
Particulate C and N
Oi
l
an
d
ph
en
ol
s
M
M
Pe
st
ic
id
es
A
A
PC
B
A
A
Alkalinity
Asbestos
Si
li
ca
MS
MS
Ch
lo
ri
de
M
M
Fl
uo
ri
de
A
A
Su
lf
at
e
A
A
Aluminum
Ar
se
ni
c
A
A
Ba
ri
um
A
A
Ca
dm
iu
m
A
A
Calcium
Ch
ro
mi
um
A
A
Co
pp
er
A
A
Cyanide
Ir
on
M
M
Le
ad
A
A
Magnesium
Manganese
Me
rc
ur
y
A
A
Ni
ck
el
A
A
Potassium
Se
le
ni
um
A
A
Silver
Sodium
Zi
nc
A
A
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LTABLE 10
LAKE HURON OPEN LAKE MONITORING PROGRAMS
MICH
PARAMETERS USEPA WRC
Coliform — total
Coliform — fecal
Chlorophyll series
Flow
Tu
rb
id
it
y
A
pH
M
A
Dissolved oxygen M
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Ca
dm
iu
m
A
Calcium
Chromium
Copper
Cyanide
Iron
Lead A
Magnesium
Manganese
Mercury A
Nickel A
Potassium
Selenium
Silver
Sodium A
Zinc
3
Z
>
Z
>
3
3
3
Z
>
>
>
Z
Z
Z
>
>
>
>
>
.
O
Z
3
>
>
Z
>
.
’
>
Z
>
>
  
 PARAMETERS
Coliform - total
Coliform — fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
TABLE 11
LA
KE
HU
RO
N
NE
AR
SH
OR
E
MO
NI
TO
RI
NG
PR
OG
RA
MS
USEPA
>
>
>
>
>
>
>
>
>
>
>
>
>
z
>
>
>
>
>
>
>
>
>
>
>
'
>
'
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HIGH
WRC
1
3
:
!
£
3
£
3
:
!
:
K
3
3
3
3
1
3
;
!
#
3
£
3
3
>
£
3
3
Z
3
:
!
>
‘
>
‘
Z
K
Z
Z
2
:
:
3
:
>
'
z
3
:
1
3
MOE
£
3
£
3
£
3
{
3
&
3
1
3
£
3
1
3
1
3
£
3
{
3
‘
3
£
3
TABLE 12
LAKE HURON WATER INTAKES MONITORING PROGRAMS
MICH
PARAMETERS WRC
Co
li
fo
rm
-
to
ta
l
A
Coliform - fecal A
Chlorophyll series
Flow
Turbidity
pH A
Dissolved oxygen
BOD5
Temperature
Conductivity/TDS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
>
>
>
>
>
>
>
>
'
>
>
~
>
>
>
>
>
>
>
>
 
>
>
'
>
>
'
>
'
>
-
>
'
>
'
>
'
>
>
>
-
>
>
>
>
>
>
 
hTABLE 13
L
A
K
E
H
U
R
O
N
T
R
I
B
U
T
A
R
Y
M
O
N
I
T
O
R
I
N
G
P
R
O
G
R
A
M
S
MICH
P
A
R
A
M
E
T
E
R
S
W
R
C
C
o
l
i
f
o
r
m
—
t
o
t
a
l
C
o
l
i
f
o
r
m
—
f
e
c
a
l
C
h
l
o
r
o
p
h
y
l
l
s
e
r
i
e
s
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
S
u
s
p
e
n
d
e
d
V
o
l
a
t
i
l
e
s
o
l
i
d
s
T
o
t
a
l
P
h
o
s
p
h
o
r
u
s
(
u
n
f
.
)
T
o
t
a
l
d
i
s
s
o
l
v
e
d
p
h
o
s
p
h
o
r
u
s
S
o
l
.
r
e
a
c
t
.
p
h
o
s
p
h
o
r
u
s
S
o
l
u
b
l
e
p
h
o
s
p
h
o
r
u
s
Ammonia
T
o
t
a
l
K
j
e
l
d
.
n
i
t
r
o
g
e
n
Nitrate & nitrite
TOC
P
a
r
t
i
c
u
l
a
t
e
C
a
n
d
N
Oil and phenols
Pesticides
PCB
Alkalinity
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TABLE 14
LAKE MICHIGAN OPEN LAKE MONITORING PROGRAMS*
PARAMETERS
Coliform — total
Coliform — fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TDS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
 
*I
nf
or
ma
ti
on
on
th
is
wa
s
no
t
av
ai
la
bl
e
at
th
e
wo
rk
sh
op
an
d
ha
s
no
t
ye
t
be
en
tabulated in this format.
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—TABLE 16
LAKE MICHIGAN WATER INTAKES MONITORING PROGRAMS
MICH
PARAMETERS WRC
Coliform — total A
Coliform — fecal A
Chlorophyll series
‘ Flow
Turbidity
PH A
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
>
>
>
1
1
>
B
>
3
>
I
>
1
1
>
>
D
>
D
>
D
>
D
>
>
>
>
>
 
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
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A
R
A
M
E
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R
S
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R
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Coliform — total
Coliform — fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
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Temperature
Conductivity/TDS
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s
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d
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V
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Asbestos
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Copper
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Lead
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Nickel
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Silver
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Z
Z
3
3
Z
Z
Z
Z
3
3
a
K
3
>
>
3
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>
>
P
>
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>
>
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>
>
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>
>
>
>
>
>
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—TABLE 18
LAKE SUPERIOR OPEN LAKE MONITORING PROGRAMS
MINN
PARAMETERS PCA
Coliform — total
Coliform — fecal
Chlorophyll series
Flow
Turbidity
pH
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity A
Asbestos
Silica
Chloride
g Fluoride
‘ Sulfate
Aluminum
Arsenic
‘ Barium
E Cadmium
‘ Calcium
Chromium
Copper
Cyanide
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
>
>
>
>
>
>
>
>
>
>
>
>
 
>
>
>
>
>
>
>
>
 
>
>
>
>
>
>
>
>
>
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Asbestos
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Lead
Magnesium
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Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Zinc
TABLE 19
L
A
K
E
S
U
P
E
R
I
O
R
N
E
A
R
S
H
O
R
E
M
O
N
I
T
O
R
I
N
G
P
R
O
G
R
A
M
S
MICH
WRC
3
Z
Z
3
Z
Z
3
Z
Z
3
Z
Z
3
4
0
3
.
o
3
.
0
3
Z
C
D
K
128
MOE
>
>
>
>
>
>
>
>
>
>
 
TABLE 20
LAKE
SUPERIOR WATER INTAKES
MONITORING
PROGRAMS
MICH MINN WISC
PARAMETERS WRC PCA DNR
Coliform — total A M
Coliform — fecal A M M
Chlorophyll series
Flow
Turbidity
pH A
Dissolved oxygen
BOD5
Temperature
Conductivity/TBS
Suspended Solids
Suspended Volatile solids
Total Phosphorus (unf.)
Total dissolved phosphorus
Sol. react. phosphorus
Soluble phosphorus
Ammonia
Total Kjeld. nitrogen
Nitrate & nitrite
TOC
Particulate C and N
Oil and phenols
Pesticides
PCB
Alkalinity
Asbestos
E Silica
Chloride
Fluoride
Sulfate
Aluminum
Arsenic
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Calcium
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Copper
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